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Reports 


Whole Body Cesium-137 and its Relation to Body Composition and Diet 


R. C. Steinkamp, T. W. Sargent, E. Isaacs, N. L. Cohen, E. M. Hutson, and N. D. Kunkel' 


Between September 1962 and July 1963, a time of rising cesium-137 
content in the biosphere, whole body cesium-137 and potassium—40 
measurements were performed in an Argonne-type scintillation counter 
on 80 subjects; 52 men and 28 women. These data have been correlated 
with body composition estimates of body fat and lean body mass. Seventy- 
eight of the subjects had diet interviews. The intakes of food categories 
were correlated with in vivo cesium-137 measurements. The results 
suggest that calculations of dose rates for cesium-137 may be more 
meaningful if based on lean body mass rather than total body weight, as 
is done presently. 

Intakes of milk and fruits and vegetables correlated significantly 
with in vivo cesium-137 measurements for those subjects with extremely 
low or extremely high food intakes. A regression equation was deter- 
mined to calculate pCi cesium-137/g potassium in people from pCi 
cesium-137/g potassium in milk. There appeared to be a time lag of 
4 to 5 months between rising values of cesium-137 in milk and those in 


people, consistent with the biological half-life of cesium-—137. 


Since the first detection of cesium-137 in 
human subjects in 1956, this long-lived nuclear 
fission product has received considerable atten- 
tion (1). The contribution of cesium-—137 to 
the total body burden of radioactivity, the 
mechanisms of entry into the biosphere, and the 
metabolic fate in men and experimental animals 
have been studied since 1956. 

Cesium-137 has been assumed to be distrib- 
uted uniformly throughout the body for dose- 
rate calculations in man (2, 3). The present 
study, performed during a time of increasing 
cesium-—137 body burdens, presents cesium—137 


1Dr. Steinkamp is medical consultant, Bureau of 
Public Health Nutrition, California State Department 
of Public Health, Berkeley, Calif.; Dr. Sargent is staff 
biophysicist, Donner Laboratory, University of Cali- 
fornia; Mrs. Isaacs was formerly research assistant, 
Donner Laboratory, University of California; Dr. 
Cohen was formerly associate public health statistician, 
Bureau of Public Health Nutrition; Mrs. Hutson was 
formerly research nutritionist, Bureau of Public Health 
Nutrition; and Mrs. Kunkel is research nutritionist, 
Bureau of Public Health Nutrition, California State 
Department of Public Health, Berkeley, Calif. 
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measurements in relation to body composition 
and potassium measurements as well as food 
intake. Ingestion of either low or high amounts 
of milk as well as of fruits and vegetables 
have been related to cesium—137 body burdens. 


Materials and methods 


A detailed description of the subjects and 
methods has been published previously (4). 
The subjects of this study were 80 healthy San 
Francisco Bay Area residents between the ages 
of 25 and 44 years. Fifty-two men (49 Cau- 
casian and 3 Negro) and 28 Caucasian women 
were studied between September 1962 and 
July 1963. 

Cesium-137 and potassium were measured 
in an Argonne-type whole body scintillation 
counter (5). Suitable precautions were used 
to avoid external contamination. The mean 
counting efficiency for cesium-137 was 8.1 
counts per minute (cpm) per nCi in a 180 
keV band at the photopeak, with a standard 
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deviation of 0.96 cpm/nCi (6). For potassium, 
an average counting efficiency of 1.09 + 0.10 
cpm/g potassium in a 300 keV band at the 
photopeak, with a standard deviation of 9.7 
percent was determined by calibration with 
potassium—42 injected into normal volunteers. 

The dose rate for cesium-—137 was calculated 
by using the formula (3): 


cesium—137 in nCi 


D= 11 body weight in kg 


mrem/year, 





where 11 is the dose conversion factor based on 
the absorption of 0.59 MeV per disintegration. 

Body fat was estimated for each subject 
from four anthropometric measurements ac- 
cording to a linear regression equation appro- 
priate for his age, race and sex (7). Lean body 
mass was calculated by subtracting estimated 
body fat in kilograms from the subject’s total 
body weight in kilograms. 

Twenty-four hour diet recall records were 
obtained for all subjects except two of the men 
who were measured for radioactivity in Janu- 
ary and February 1963. Methods for diet re- 
call (4) and results of nutrient calculation (9) 
have been previously reported. For this report, 
the diet interviews were reevaluated to obtain 
quantities consumed for five food categories. 
These were milk, milk plus all other dairy 
products calculated in milk equivalents’, cereals, 
animal protein foods (including lean meats of 
all types, fish and eggs), and fruits and vege- 
tables. All food categories were calculated in 
ounces consumed except for the cereals group, 
which was scored in number of servings*. 


Body composition and total body cesium-—137 


Table 1 presents means and standard devia- 
tions for body composition, cesium-—137 meas- 
urements and total body potassium. Mean per- 
cent body weight as fat estimated from the 
anthropometric measurements compares favor- 


2 Milk equivalents were taken from Conversion Fac- 
tors and Weights and Measures for Agricultural Com- 
modities and Their Products. Production and Marketing 
Administration of the U.S. Department of Agriculture, 
May 1952, and are: 1 ounce hard cheese = 10 oz. milk; 
1 ounce cottage cheese = 6 oz. milk; % cup ice cream = 
8 oz. milk. 

8 Each of the following was considered as one serving 
of cereal: 1 slice bread; % cup cereal, either cooked or 
dry; 2 cookies; 3 ounces cake. 
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ably with that calculated from total body water 
and body density measurements (4, 7, 9) for 
a larger group of subjects (table 2). Estimates 
of lean body mass by anthropometric methods 
compare favorably with those obtained by the 
laboratory procedures. 


Table 1. Average body composition cesium-137 and 
potassium values for adults 25 to 44 years old 





Women 
(n = 28) 
Parameter measured 





Mean 





Body weight (kilograms) R » 62.17 
Lean body mass (kilograms) - . J B 41.44 
Body weight as fat (percent)_- ‘ ° 32.8 


Cesium-137 (nCi) P ‘ 5.3 
Potassium (grams) 91 
Cesium-137/potassium 
(pCi/g K) é ‘ 57.8 
Dose rate of cesium-137 
(mrem/yr) d “ 0.96 

















Table 2. Percent body weight as fat for adults 
25 to 44 years old 





Mean percent 
Number of | body weight 
subjects as fat 


Category of subjects 





Caucasian men, 25-34 yrs. 
Caucasian men, 35-44 yrs 
Caucasian women, 25-34 yrs 
Caucasian women, 35-44 yrs 
Negro men, 25-44 yrs. 











On the basis of determinations of 311 people 
from 30 States, Anderson calculated total potas- 
sium values of 139 grams (standard deviation 
= 19 percent) for a “standard” man weighing 
70 kg (10). Our determinations yield a value 
of 123 grams potassium for a 70 kg man. 

Mean cesium—137/potassium ratios were 
slightly greater and total dose rates were 
slightly lower for women than for men, reflect- 
ing the lower levels of potassium, lean body 
mass, and total body weight for women. Mean 
values of cesium—137/potassium for people in 
the United States were reported as 69 pCi/g 
for fiscal year 1959, and 28 pCi/g for the first 
quarter of 1962 by the Walter Reed Institute 
of Pathology (11). In England, Rundo and 
Newton (12) found values ranging from 50 
to 90 pCi cesium-137/g of potassium and aver- 
age total cesium-137 values of 7.0 to 12.6 nCi 
between October 1962 and July 1963 (com- 
parable to the time period and the results of 
the present study). 
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Table 3 presents correlation coefficients, “r” 
for cesium-137 content with estimated body 
composition and potassium measurements for 
all subjects by sex based on the consideration 
of variables from a bivariate normal distribu- 
tion. Total cesium-137 values were significantly 
correlated with potassium measurements for 
both men and women. It is interesting that for 
the women, correlation of cesium-137 with 
lean body mass was greater than with total 
body weight, as was the case for men. 

Table 3. Correlation of cesium-137 content (nCi) with 


estimated body composition and potassium 
measurements—all subjects 





Parameter measured 





Body weight (kil ms) 
Lean body mass Pileqouaah 
Body weight as fat (percent) 
Potassium (grams) 











NS, not significant. 


Studies of mammalian tissues indicate that 
fat has the lowest cesium—137 concentration of 
any tissue studied. In dogs chronically ex- 
posed to cesium-137, Furchner and colleagues 
(13) found the ratio of cesium-137 in fat to 
cesium-137 in whole body was < 0.01 while the 
ratio cesium-137 in muscle to cesium-—137 in 
whole body was >2.0. Concentrations in other 
soft tissues, except the gonads, pelt and fat 
approximated whole body cesium-—137 concen- 
tration. The low concentrations in the gonads 
and pelt were related to the large amount of 
fat and low concentration of muscle in these 
organs. More recently, Baratta and Ferri (14) 
have found in human autopsy specimens that 
the greatest concentrations of cesium-137 was 
in muscle, and was about twice that in spleen 
and liver. Unfortunately, no data were pre- 
sented for fat specimen analyses in their study. 


The suggestion of Langham and Anderson 
(15) to express the concentration of cesium— 
137 in the body in terms of cesium—137/potas- 
sium ratio, because of the chemical similarities 
of cesium to potassium, has been generally 
accepted. Rundo (16), however, has pointed 
out differences as well as similarities between 
cesium and potassium metabolism in man. 
Whole body cesium retention has been found 
by Rundo (16) and Grundy and Sargent (6) 
to be a two-component exponential function of 
time. Approximately 10 percent of ingested 
cesium is excreted with a half-life of 1 to 2 
days; the major part is excreted with a half- 
life of about 110 days. Rundo has attributed 
a larger part of the variability of cesium—137 
contents among individuals to the variability 
in biological half-life and at the same time has 
recognized that dietary habits must control the 
cesium-—137 level reached in the body. 

Although atmospheric testing was resumed 
in September 1961, a rise in cesium—137 values 
has been noted only since the summer of 1962 
(17). Since the time period during which our 
subjects were measured encompassed the rising 
trend in cesium-137 values, it is unlikely the 
cesium-—137 body burdens of the subjects were 
in equilibrium with their diets. The cesium— 
137/potassium ratios, therefore, have been 
averaged by quarter years in table 4. Analysis 
of variance among the quarter years provided 
F values of 6.20 for men and 21.4 for women. 
The critical F values at the 1 percent level are 
4.22 and 4.72, respectively. 

Because of the increase of cesium-137 body 
burden over time and the few subjects meas- 
ured during the first and last months of the 
study, further analysis of cesium—137 and body 
composition was limited to those measured 
between October 1962 and June 1963. There 


Table 4. Cesium-137/potassium ratios for men and women living in the 
San Francisco Bay area by quarter year 





Men 
(cesium-137/potassium ratio, pCi/g) 


Women 
(cesium-137/potassium ratio, pCi/g) 





Num- 
ber of 
subjects 


Num- 
ber of Mean 
subjects 





September 1962 
October-December 1962. 
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were totals of 31, 25 and 17 subjects measured 
in the three quarter years. Total body cesium— 
137 measurements were 5.79 + 1.80* nCi for 
October to December 1962, 6.69 + 2.41 nCi for 
January to March 19638, and 7.57 + 2.77 nCi 
for April to June 1963. Table 5 presents the 
correlation coefficients for these data with total 
body weight, lean body mass and potassium. 
As the cesium-137 contents increased with time, 
correlations with body composition measure- 
ments became greater. There was little differ- 
ence among the groups for mean total body 
weight and for mean lean body mass. 


Table 5. Correlation coefficients for cesium-137 
measurements and for body composition by quarter year 





Jan-Mar | April-June 
1963 1963 
(n =25) (n=17) 


Parameter measured 





Cesium-137 (nCi) and 
body weight (kilograms) ‘ 0.572 0.713 
Cesium-137 (nCi) and 
lean body mass (kilograms) P .768 .842 
Cesium-137 (nCi) and 
potassium (grams) é .866 -914 
Body weight (kilograms) and 
potassium (grams) . -723 -791 
Lean body mass (kilograms) and 
potassium (grams) P -943 .947 














*p= <0.05. For all other values, p= <0.01. 


Linear regressions of cesium-137 on total 
body weight and on lean body mass were ob- 
tained for each of the three groups by quarter 
year (table 6). Total body weight for the period 
October to December 1962 was remarkably 
similar to the regression obtained by Maycock 
et al (3), for 182 women and 21 men luminizers 
measured in Surrey between January 1958 and 
the end of 1959. This is not surprising since 
the mean cesium-137 body burden for an in- 
dividual weighing 60 kg was 5.5 nCi in May- 
cock’s study and 5.45 nCi in the present study. 
The similarity may be misleading, since the 
subjects in the former study comprised con- 
siderably more women (182) than men (21), 
while our subjects were 28 women and 52 
men. Data presented in Maycock’s report are 
insufficient to calculate mean cesium-137 per 
60 kg body weight by sex. For our subjects, 
these data were 6.54 nCi for men and 5.10 nCi 
for women. The sex difference may in part be 
accounted for on the basis that fat comprised 


*Standard deviation for the group of cesium-137 
measurements. 
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8.5 percent more of the total body weight of 
women than of men. As noted in table 6, the 
regressions for cesium—137 on lean body mass 
had lower standard errors than for comparable 
regressions on total body weight. 


Table 6. Linear regression of cesium-137 (nCi) on total 
body weight (kilograms) and on lean body mass 
(kilograms) by quarter year 





Time period Regression 





October to December 1962 0.048 TBW + 2.245 
January to March 1963 


April to June 1963 0.126 : 
0.174 LBM — 1.371 











TBW, total body weight 
LBM, lean body mass 


Cesium-—137 and diet 


No consistent correlation for cesium—137/ 
potassium ratios with intakes of food groups 
was found (table 7). Variations among intakes 
for each food category were great; for ex- 
ample, the first two groups of men had intakes 
of milk varying from 5 to 49 and 0 to 56 
ounces per day, respectively. Intake ranges for 
milk for the remaining subject groups and for 
other food groups were generally smaller than 
the above two values. 

Only three of our groups of subjects showed 
positive, as well as high correlation with milk 
intake. However, when the seasonal variations 
of cesium—137/potassium ratio as well as ex- 
tremes of milk intakes were considered, highly 
significant differences were obtained. Devia- 
tions from seasonal mean cesium—137/potas- 
sium ratios were calculated for 17 subjects 
having no intake of milk and 18 subjects with 
milk intakes equal to or greater than 20 ounces 
a day. A rank sum test of the differences was 
made. This provided a probability of less than 
two times in one hundred that the differences 
from the seasonal mean cesium-137/potassium 
ratio would have occurred by chance. Rank 
sum tests of the differences from seasonal 
mean ratios were similarly performed for food 
group intakes for meat, cereal, fruits and 
vegetables. Levels of comparisons were intakes 
of < 4 ounces (n = 16) and < 10 ounces 
(n = 14) for meat; < 3 servings (n = 13) 
and > 11 servings (n = 11) for cereals; and 
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Table 7. Median intakes of food groups and correlation with cesium-137/potassium ratios by sex and quarter year 





Period and sex Number Milk 
of (oz) 
subjects 


Milk and 


























< 9 ounces (n = 16) and > 24 ounces (xn = 
15) for fruits and vegetables. Of these, only 
the latter was significant at the 2 percent level 
but not at the 1 percent level. 

Mean intakes of milk and dose rates of 
cesium-137 for the 78 subjects having diet 
interviews have been plotted in figure 1 to- 
gether with the mean cesium-137 content of 
milk from the San Franciso Bay area (18) by 
month. The few subjects studied during the 
first and last months precluded statistical 
evaluation; however, the described trends for 
cesium-137 content of milk and of subjects 
were consistent for these groups. 





= 


S 


& Ss 
—— sh /wasu 6), ajey asoq ueayy 


Mean pCi'"Cs/Liter Milk and Mean Ounces of Milk *—* 
8 











Sept Dec. Jon. Feb 
'62 2 63 63 
4 10 7 1 


2 number of subjects 


Figure 1. Cesium-137 in milk from San Francisco Bay 
area, mean milk intakes, and mean cesium-137 dose 
rates for 78 Bay area subjects 
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A correlation between milk intake and 
cesium-137/potassium in the body has been 
found by Rundo (19) and by Anderson (10). 
Milk intake was considered responsible for 
about one-half of the average cesium-137 body 
burden for the nine subjects studied by Rundo 
in late 1958 and early 1959. The mean content 
was 51 pCi cesium-137/g potassium with about 
25 pCi cesium-137/g potassium derived from 
food other than milk. In 1957, Anderson (10) 
observed average cesium-137 levels of 44 pCi/g 
potassium for people in different regions of the 
United States. Plotting these levels against 
cesium/potassium ratios in milk by regions, 
Anderson deduced that 23 pCi cesium-—137/ 
grams potassium was derived from food sources 
other than milk. Figure 2 presents similar 
analysis of our data. The conversion factor of 
1.44 g potassium per liter milk was used®. The 
slope of the interrupted line, which did not 
employ the limited data for September 1962 
and July 1963, has an intercept at 44 pCi 
cesium-—137/g potassium. Following Anderson’s 
reasoning, this amount can be considered the 
portion of cesium—137 derived from foods other 
than milk. Since the mean cesium-137/potas- 
sium ratio for subjects measured from October 
1962 through June 1963 was 54 pCi, only about 
one-fifth of the cesium-137 body burden can 
be considered derived from milk. The relative 
contribution from milk was 23 percent in 1961 
(20). For all subjects, shown by solid line in 
figure 2, the slope is the same as for subjects 
trom October through June but the variance is 
six-fold greater, indicative of the wide range 
for cesium—137 over this time period. 


5 Agriculture Handbook No. 8, Composition of Foods. 
U.S. Department of Agriculture, December 1963. Watt, 
B. K., and A. L. Merrill. 
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Regressions: 


——All subjects 


pci sf K in Subjects 


———Only subjects 
measured 





Oct.'62-June ‘63 








pti eur K in Milk 


Figure 2. Levels of cesium-137 in subjects versus levels in milk by month 


Total diet studies (including drinking water) 
for the San Franciso Bay area are analyzed at 
intervals for radionuclides (21, 22). These 
studies show per capita cesium-—137 intakes of 
3.8 pCi/day for May 1962 (21), 53 pCi/day 
for August 1962 (21), 34 pCi/day for Novem- 
ber 1962 (21), 33 pCi/day for December 1962 
(22), 60 pCi/day for February 1963 (21), and 
286 pCi/day for May 1963 (21). These data, 
based on the teen-age and Tri-City Diet studies 
represent figures for greater quantities of food 
than were consumed by the subjects of this 
study. Unfortunately, the present monitoring 
system of radioactivity in California diets had 
not been instituted at the time of this study; 
this would have afforded values more com- 
parable to diets of our subjects. Composition 
of diets used for analysis in the Tri-City Diet 
studies are available and are based on average 
U.S. consumption per year (22). Comparison 
of the standard diet with subject mean intakes 
for food groups was made (table 8). 
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Table 8. Comparison of Tri-City diet with diet of subjects 





All 
subjects 
(oz/day, 
average) 


Food group 





Bread, flour, cereal, etc 
Fruits and vegetables 











Composition of diets used for the teen-age 
studies are not available, but possibly repre- 
sent even larger quantities of food than are 
analyzed in the Tri-City Diet studies. The 
above analyses for cesium-137 are therefore 
somewhat in excess of quantities consumed by 
the average subject in this study. 

An additional consideration must be recog- 
nized with respect to cesium—137 analyses of 
diets for the Tri-City Diet studies. Foods are 
prepared as for cooking, with inedible portions 
removed, but the foods were not actually cooked. 
Although little is known of the effects of food 
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processing and cooking on the cesium-137 con- 
tent of food, there is indication that canning 
and freezing reduce the amount of this radio- 
nuclide (23). 


Summary 


Between September 1962 and July 1963, a 
time of rising cesium-137 content in the bios- 
phere, whole body cesium-137 and potassium 
measurements were performed in an Argonne- 
type scintillation counter on 80 subjects; 52 
men and 28 women. These data have been cor- 
related with body composition estimates of 
body fat and lean body mass. Seventy-eight 
of the subjects had diet interviews. The intakes 
of food categories (milk, milk and other dairy 
products, animal protein foods, cereals, and 
fruits and vegetables) were correlated with in 
vivo cesium-—137 measurements. 

The results indicate whole body cesium-—137 
content correlates better with lean body mass 
than with total body weight. This is consistent 
with animal studies in which little cesium—137 
has been found deposited in fat and with human 
autopsy specimens in which largest quantities 
are deposited in muscle. These results suggest 
calculations of dose rates for cesium-137 may 
be more meaningful if based on lean body mass 
rather than total body weight. The importance 
of this may be justified on the basis that per- 
sons with proportionately little body fat and 
large lean body mass may receive a greater 
dose-rate throughout the body than persons 
of comparable body weight but in whom the 
body composition parameters are proportion- 
ately opposite. 

Diet intake of milk and of fruits and vege- 
tables correlated significantly with in vivo 
cesium-137 measurements when the extremes 
of food intakes were considered. A regression 
equation was determined to calculate pCi ce- 
sium-137/g potassium in people from pCi 
cesium-137/g potassium measurements in milk. 
There appeared to be a time lag of 4 to 5 months 
between rising values of cesium-137 in milk 
and those in people, consistent with the bio- 
logical half-life of cesium—137. 
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Technical Notes 


Personnel Monitoring of Radiologists During Fluoroscopy 


Stewart C. Bushong, Thomas S. Harle, Magadalena Pogonowska and John A. Burdine * 


A generally accepted observation has been 
that the greatest exposure to a diagnostic 
radiologist occurs during fluoroscopic proce- 
dures, even though he is normally wearing 
protective apparel during these procedures. 
Because the protective apparel perturbs the 
normal radiation field, there is some confusion 
and inconsistency regarding the placement of 
personal monitoring devices during fluoroscopy. 
The question arises frequently as to where is 
the most appropriate position on the body for a 
radiologist to wear his film badge. 

Suggestions have been made that the film 
badge be worn on the belt under the protective- 
lead apron, at the shirt pocket level, on the 
upper arm, or on the head, neck or extremities 
(1, 4). The current recommendations of the 
National Council on Radiation Protection and 
Measurements are: “monitoring devices used 
to estimate whole body exposure normally 
should be worn on the chest or abdomen. When 
a protective apron is worn (e.g., during fluoros- 
copy), particular care should be taken in choos- 
ing the location of the monitoring device and 
in interpreting its reading” (5). This is a less 
specific recommendation than that previously 
made by the NCRP (6). 

The purpose of this note is to describe data 
obtained from experiments designed to measure 
the dose equivalent to radiologists at various 
positions on the body. 

1 Dr. Bushong is assistant professor of Radiophysics, 
Dr. Harle is associate professor of Radiology, Dr. 
Pogonowska is assistant professor of Radiology and Dr. 


Burdine is assistant professor of Nuclear Medicine; De- 


ae em of Radiology, Baylor University College of 
edicine. 
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Method of procedure 


Radiologists in the Diagnostic Section of the 
Ben Taub General Hospital, Houston, Tex., were 
monitored with commercially obtained film 
badges at 27 positions on the body during 
fluoroscopy. Table 1 lists these locations. 

The same badges were worn for monthly 
periods beginning in the middle of January 
1968 by 15 radiologists and therefore the data 
represent an average of the factors affecting 
dose equivalent of different radiologists; i.e., 
body size and stature, individual technique, 
etc. Eleven of the radiologists were residents 
in training. During each procedure, a 0.5 mm 
lead equivalent apron (Gardex Company, Model 
232106) was worn and a similarly constructed 
protective glove (Wolf Branch Company, Model 
271LF) was worn on the right hand. The left 
hand remained ungloved (many radiologists 
leave the left hand ungloved for easy manipula- 
tion of spot film controls) and was normally 
positioned on the control panel adjacent to the 
viewing screen. Only the gloved right hand was 
used for positioning the patient. Following 
each procedure, the radiologist would record 
his identity, the type of examination and the 
fluoroscopy time required. 

All fluoroscopic procedures were performed 
in one of three examination rooms, each of 
which contained a Model No. 11-CKF-3 x-ray 
machine. These machines were normally oper- 
ated at 85 kVp and 3 mA and produced an 
exposure rate of 4.5 R/min at the tabletop 
under these conditions. Protective lead cur- 
tains and a Bucky slot cover were used. A 


627 





Table 1. The dose equivalent of radiologists during fluoroscopy (mrem) 
January-April 1968 





Location First 
month 


Average 
Third (mrem/ 
month min) 





Film badges: 


Screen panel 
Screen panel 
Forehead 


Shirt pocket 
Front belt 


Back belt 
Right knee 
Right knee * 
Right foot 


Wrist badges: 
Gloved hand palmar 
Gloved hand palmar * 
Gloved hand dorsal 


Bare hand palmar 
Bare hand dorsal 


Ring badges: 
Gloved hand palmar 
Gloved hand palmar * 
Gloved hand dorsal “ 
Gloved hand dorsal *__..........-.- ee 
Bare hand palmar 
Bare hand dorsal 




















* Shielded by protective apron or glove. 
> Apparent light leak, no reading. 


radiation protection survey showed that ex- 
posure levels around the table were low and 
there was no significant difference in the radia- 
tion environment of the three rooms. 


Results 


The results of these measurements for three 
monthly monitoring periods are shown in table 
1. The dose equivalent values contained in this 
table are the values reported by the film badge 
vendor who claims an accuracy of + 10 per- 
cent. These preliminary results indicate a con- 
sistency from one period to the next over the 
reporting interval. Specific conclusions regard- 
ing personnel monitoring during fluoroscopy 
may be drawn from these results. 

Table 2 is a summary of the number of 
examinations performed and the relative time 
required by each of the total 794 examinations; 
only one radiologist performed more than 200 
examinations and only three less than 100. The 
number of examinations per radiologists was 
fairly uniform. 
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Discussion 


The data presented in table 1 show a wide 
range of values. The first column indicates the 
location of the film badge. The next three 
columns show the reported dose equivalent for 
each badge during each monitoring period. The 
next column is the sum of the data from the 
first three monitoring periods and the last 
column presents the average dose equivalent 
per minute of fluoroscopy time as reported in 
table 2. 


Table 2. The number of fluoroscopic examinations 
performed and the relative time required for each 





Third Total 


month 


Location First 
month 


Second 
month 





U.G.1. exams/avg time 
(min) per exam_-_..__.-.-- 

B.E. exams/avg time (min) 
per exam 

G.B. exams/avg time (min) 


433 /4 .58 
217/3 .06 

83/ .87 
Be 


162/4.5 

67/2.7 
31/.95 

a? 


147/4.6 
86/2.9 
29/ .83 
a” 


124/4.6 
64/3 .6 
23/ .83 
25/3.1 
236 


983 .6 
3.53 


1,001.3 | 895.2 2,880.0 
3.59 3.79 3.63 
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An evaluation of personnel monitoring pro- 
cedures should account for the differences in 
recommended maximum permissible dose equiv- 
alent (MPD) for total body exposure and 
extremity exposure (7, 8). Total body exposure 
includes whole body, head and trunk, active 
blood-forming organs, gonads, or lens of the 
eyes. The accumulated MPD is 5 rems multi- 
plied by the age in years beyond age 18. Fur- 
ther, the quarterly MPD is 3 rem, provided the 
accumulated MPD has not been exceeded. The 
MPD for the extremities, i.e., hand and fore- 
arms, feet and ankles, is 25 rem/quarter, pro- 
vided the annual dose equivalent does not 
exceed 75 rem. 

Since the film badges located on the outside 
of the protective apparel indicate exposure to 
the protective apparel and not the radiologist, 
they were worn for demonstration and com- 
parison purposes only. Under no circumstances 
should a monitoring device be worn on the out- 
side of protective apparel. Therefore, the sub- 
sequent discussion is primarily concerned with 
total body monitoring and extremity monitoring 
that register exposure to the radiologist and 
not to the protective apparel. 

Of the total body monitors, the film badge 
positioned on the front collar received the 
highest exposure and the badge located on the 
forehead received the second highest. The ex- 
posure received by the badge worn waist level 
on the back was higher than that received by 
any of the monitors positioned waist level 
under the protective apron. On the basis of 
these data, if only a single monitor is worn, 
it should be worn on the front collar since this 
is the region of the total body which receives 
the most exposure. 

For the extremity monitors, the exposure of 
badges positioned on the right foot and knee 
was considerably less than that of the badges 
positioned on the hands and wrists; conse- 
quently, as one might expect, extremity moni- 
toring should be concerned primarily with the 
upper extremities. Curiously enough, the moni- 
tors on the bare left hand received a higher 
exposure than the monitors positioned outside 
of the protective glove on the right hand. The 
reason for this is not clear. A resurvey of the 
x-ray machine showed a higher than expected 
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exposure rate at the screen control panel. This 
was also indicated by the two film badges posi- 
tioned on the screen control panel during 
fluoroscopy. 

In order to view these data in perspective, 
the recorded dose equivalents must be evalu- 
ated in terms of the MPD applicable to that 
region of the body. It may be that the ex- 
tremity exposures represent a greater fraction 
of the MPD than do any total body monitors 
and that, if only a single monitor were avail- 
able, it should be worn on an extremity. These 
data are summarized in table 3. It was assumed 
that 75 fluoroscopic examinations were per- 
formed per week, 50 weeks per year, each ex- 
amination requiring 3.63 minutes. The expected 
annual dose equivalent at each anatomical lo- 
cation was calculated on the basis of the average 
values shown in table 1. The MPD’s used were 
5 rem for total body and 75 rem for extremities. 


The data presented in table 3 show that the 
bare hand required the highest fraction of the 
applicable MPD. They also show that the dose 
equivalent to the various other regions of the 
body, in relation to the applicable MPD, varies 
considerably. Therefore, regardless of where 
a film badge is worn, its position on the wearer’s 
body should be a part of the personal monitor- 
ing record in order for that record to be inter- 
preted meaningfully. 


Table 3. The percent of maximum permissible dose 
equivalent at several anatomical regions 





, Percent 
Location (mrem/min) | (mrem/yr) * MPD 





Bare finger dorsal 
Bare wrist dorsal 
Front collar 
Foreh 


_ 


Gloved finger palmar > 
Gloved wrist palmar > 














iy 

There are few data in the literature with 
which to compare our results. Cowing and 
Spalding conducted radiation protection sur- 
veys on fluoroscopic installations in order to 
determine the minimum safe room size for this 
type of facility (9). They estimated an aver- 
age exposure at the waist level of 11.4 mR/ 
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exam and 4.77 mR/exam outside and inside 
the protective lead apron, respectively. The 
values obtained in our study were 4.24 mR/ 
exam and 0.075 mR/exam outside and inside 
the apron, respectively. Jacobson, et al. per- 
formed an investigation of exposures to radiol- 
ogists during fluoroscopy by positioning ioniza- 
tion-type pocket dosimeters on various body 
regions (3). They reported that the highest 
exposure was to the upper arm and that that 
was the desired location for a monitoring de- 
vice. They further reported that film badges 
worn on the collar are often protected from 
direct radiation by the fluoroscopic screen and 
consequently this was not an appropriate place 
for a personnel monitoring device. Exposures 
to the upper arm were not investigated in the 
present study and direct comparisons cannot 
be made. 


Conclusions 


On the basis of these data, radiologists and 
technologists should wear a film badge on their 
collar outside of the protective lead apron dur- 
ing fluoroscopic examinations. Radiologists 


should glove both hands, but for radiologists 


who will not glove both hands, the ungloved 
hand should be monitored. Finger rings would 
be more desirable, but they are less reliable. 
For those installations that have thermolumine- 
scence capabilities, its possible use for hand and 
wrist monitoring is suggested. 


Representative products and manufacturers are 
named for identification only, and listing does not imply 
endorsement by the Public Health Service and the U.S. 
Department of Health, Education, and Welfare. 
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SECTION L. 


In the determination of the internal exposure 
to man from environmental radiation sources, 
primary interest centers on radionuclides in 
the diet. Federal and State agencies are in- 
volved in efforts to monitor continuously the 
dietary intake of radionuclides. The most 
direct measure of radionuclide intake would 
be obtained through radioanalysis of the total 
diet. Difficulties in obtaining specific dietary 
data impede this approach. An alternate method 
entails the use of indicator foods to arrive at an 
estimate of the total dietary radionuclide in- 
take. 

Fresh milk is one such indicator food. It is 
consumed by a large segment of the U.S. popu- 
lation and contains most of the biologically 
significant radionuclides which appear in the 
diet. It also is one of the major sources of 
dietary intake for the short-lived radionuclides. 
For these reasons, fresh milk is the single food 
item most often used in estimating the intake 
of selected radionuclides by the general popula- 
tion and/or specific population groups. In the 
absence of specific dietary information, it is 
possible to approximate the total daily dietary 
intake of selected radionuclides as being equiv- 
alent to the intake represented by the consump- 
tion of 1 liter of fresh milk. 

The Federal Radiation Council (FRC) has 
developed Radiation Protection Guides (RPG’s) 
for controlling normal peacetime nuclear opera- 
tions, assuming continuous exposure from in- 
take by the population at large (1-3). The 
RPG’s do not and cannot establish a line which 
is safe on one side and unsafe on the other; 
they do provide an indication of when there is 
a need to initiate careful evaluation of ex- 
posure (3). Additional guidelines are pro- 
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MILK AND FOOD 


vided by the FRC Protective Action Guides 
(4) and by the International Commission on 
Radiological Protection (5, 6). 

Data from selected national, international, 
and State milk and food surveillance activities 
are presented herein. An effort has been made 
to present a cross-section of routine sampling 
programs which may be considered of a con- 
tinuing nature. Routine milk sampling has 
been defined as one or more samples collected 
per month. 
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National and International Milk Surveillance 


As part of continuing efforts to quantitatively 
monitor man’s exposure to radionuclides, vari- 
ous national and international organizations 
routinely monitor radionuclide levels in milk. 


Program 


Period reported 


In addition to those programs reported below, 
Radiological Health Data and Reports coverage 
includes: 


Last presented 





Radiostrontium in milk, HASL 


January-December 1967 





August 1968 





1. Pasteurized Milk Network 
July 1968 


National Center for Radiological Health and 
National Center for Urban and 
Industrial Health, PHS 


The Public Health Service’s Pasteurized Milk 
Network (PMN) is designed to provide nation- 
wide surveillance of radionuclide concentra- 
tions in milk through sampling of major milk 
production and consumption areas. The present 
network of 63 stations (figure 1) provides data 
on milk in every State, Washington, D.C., the 
Canal Zone, and Puerto Rico. The most recent 
description of the sampling and analytical pro- 
cedures employed by the PMN appeared in the 


January 1968 issue of Radiological Health Data 
and Reports (1). Reference should also be made 
to the February 1968 issue (2), in which several 
changes in the interpretation and reporting of 
data were introduced. 


Table 1. Analytical errors associated with determinations 
of radionuclide concentrations in a milk sample 





Error * 


Nuclide 


Concen- 
tration 
(pCi/liter) 


Error * 
(pCi/liter) 


Concen- 
tration 
(pCi/liter) 


(percent of 
concen- 
tration) 





Strontium-89- --- 
Strontium-90-._- 
Iodine-131 
Cesium-137 
Barium-140 

















* Two standard deviations. 
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Figure 1. Pasteurized Milk Network sampling stations 
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Table 2. Average concentrations of radionuclides in milk for July 1968 
and the 12-month period, August 1967 through July 1968 





Radionuclide concentration * 
(pCi/liter) 





Sample location Strontium-89 Strontium-90 Iodine-131 Cesium-137 Barium-140 





Aug 1967- July Aug 1967- July Aug 1967- July Aug 1967- July Aug 1967- July 
July 1968 1968 July 1968 1968 July 1968 1968 July 1968 1968 July 1968 1968 





Montgomery... -..- 


eo ee 


or ooo 
- 
AOUWN NNKwwo 


ZZ 
FPOroco COFrRKO 
towhmoae 
coooco 


Zz ZZ 
Poooo cOoFroo cooooo 


Indianapolis 
Des Moines... 


Zz 
ecooroo coooeo[o 


ZZ Zz 

rr COFPOOK © 
on © NNCOWR BOK OHH 
“KOK Oo ooo°oor 


coo oacorr COPOCSCO SO 


ZZ 
COFPProro Oncor 


5 
7 
2 
NA 13 
NA 10 
2 
9 


New York city... 
Syracuse > 
Charlotte........ 


— 


—— 
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— — 
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cloocooowoo coococoso cooorso coocec|eo ~oocoo~ 


Network monthly average. .-.- 


~ 
o 


























* See text for averaging procedure 
b 12-month average represents only 9 months data. 
NA, no analysis. 


Table 1 shows the approximate analytical tration in milk. These errors were determined 
errors (including counting error) associated by comparing results of a large number of 
with determinations of radionuclide concen- replicate analyses. Table 2 contains averages 
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for July 1968 and 12-month averages for the 
period, August 1967 through July 1968. The 
12-month averages facilitate evaluations of 
population exposure with respect to the guid- 
ance provided by the Federal Radiation Council, 
which suggests average total daily intakes 
“averaged over periods of the order of a year,” 
as an appropriate criterion (3). The average 
radionuclide concentrations are based on results 
obtained from samples collected weekly. When- 
ever weekly concentrations were less than or 
equal to the appropriate minimum detectable 
levels, zero was used for averaging purposes 
(2). At very low radionuclide concentrations 


this often results in averages lower than the 
minimum detectable concentration for a single 
sample, but any positive value reflects at least 
one weekly sample which was above the mini- 
mum detectable level. The minimum detectable 
concentration is defined as the measured con- 
centration equal to the two-standard deviation 
analytical error. Accordingly, the minimum 
detectable concentrations in units of pCi/liter 
are: strontium-89, 5; strontium—90, 2; iodine— 
131, cesium—137, and barium-140, 10. 

The average strontium-90 concentrations in 
pasteurized milk from selected cities are pre- 
sented in figure 2. 
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Figure 2. Strontium-90 concentrations in pasteurized milk, 1964-July 1968 
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2. Canadian Milk Network * potassium. The analytical procedures were out- 
July 1968 lined in the April 1968 issue of Radiological 

Health Data and Reports (4). 
The July 1968 monthly average stronium-90, 
Radiation Protection Division cesium-137, and stable calcium and potassium 
Department of National Health and Welfare concentrations in Canadian whole milk are 
presented in table 3. Iodine-131 and stronium- 

Since November 1955, the Radiation Protec- —_g9 concentrations were below minimum detect- 
tion Division of the Department of National able levels. 

Health and Welfare has been monitoring milk 

for radionuclide concentrations. Powdered Table 3. Stable elements and radionuclides in Canadian 
milk was originally sampled, but liquid whole whole milk,* July 1968 

milk has been sampled since January 1963. At 
present, 16 milk sampling stations (figure 3) Station G/liter) | ‘G/ter)” | (@Cititer) | (Ci titer) 
are in operation. Their locations coincide with 

air and precipitation sampling stations. 

Milk samples are collected three times a week 
from selected dairies and are combined into 
weekly composites. The contribution of each 
dairy to the composite sample is directly pro- 
portional to the liquid volume of sales. Weekly 
spot check analyses are made for iodine—131, 
and monthly composites are analyzed for stron- 
tium-90, cesium—137, and stable calcium and 





Strontium- Cesium- 
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1 Prepared from August 1968 monthly report, “Data 
from Radiation Protection Programs,” Canadian De- 
partment of National Health and Welfare, Ottawa, ® Due to insignificant levels of strontium-89 the reporting of this radio- 
Canada. nuclide has been discontinued. 
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Figure 3. Canadian milk sampling stations 
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3. Pan American Milk Sampling Program 
July 1968 


Pan American Health Organization and 
U.S. Public Health Service 


The Pan American Health Organization 
(PAHO), in collaboration with the U.S. Public 
Health Service (PHS), furnishes assistance to 
health agencies in the American republics en- 
gaged in developing national radiological health 
programs. 

Under a joint agreement between agencies, 
milk sampling activities are conducted by a 
number of PAHO-member countries (figure 
4). The milk sampling program was begun in 
August 1963, with a sampling station in Cara- 
cas, Venzuela. Between April 1964 and August 
1964, stations were added in Jamaica at Kings- 
ton, Montego Bay, and Mandeville, and in the 
period, July to September 1966, Ecuador, 
Columbia, and Chile joined the program with 
stations at Guayaquil, Bogata, and Santiago, 
respectively. 


2 ca SAN JUAN 
KINGSTON 
CRISTOBAL 
CARACAS 


bOGOTA’ as 


7 . 


“ 


SANTIAGO J 














Figure 4. Pan American Milk Sampling Program locations 
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Sampling procedures 


Sampling frequency varies according to local 
procedures. Collected samples are preserved 
with formaldehyde, composited monthly and 
sent to the PHS Southeastern Radiological 
Health Laboratory for analysis. In the case 
of Jamaica, the monthly composite is collected 
on a rotating basis from one of the three prin- 
cipal milk areas: Montego Bay (Montpelier), 
Mandeville, or Kingston (Spanish Town). 


Analytical procedures 


Iodine—131, cesium—137, and barium-—140 con- 
centrations are determined by gamma scin- 
tillation spectrometry. Strontium-89 and 
strontium-90 are determined radiochemically. 
Analytical errors are discussed under ‘“Pas- 
teurized Milk Network, September 1967” in 
the January 1968 issue of Radiological Health 
Data and Reports. 


Data presentation 


Table 4 presents stable potassium, strontium- 
90, and cesium-137 monthly concentrations 
for July 1968. 


Table 4. Stable element and radionuclide concentrations 
in Pan American milk,® July 1968 





Sampling station Number 


Potassium 
of samples i 


(g/liter) liter) 





Chile: Santiago 
Ecuador: Guayaquil.... 
Jamaica: Kingston 
Venezuela: Caracas 





Canal Zone: Cristobal °¢.- 
Puerto Rico: San Juan... 

















* All strontium-89 results were < 5 pCi/liter; iodine-131 and barium-140 
results were all < 10 pCi/liter. . E 

> Strontium-90 single sample results <2 pCi/liter and cesium-137 single 
sample results < 10 pCi/liter are reported as 0. E : i 

¢ kor comparison, the average radionuclide concentrations in Pasteurized 
Milk Network samples collected at Cristobal, Canal Zone, andSan Juan, 
Puerto Rico, are presented. 
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State Milk Surveillance Activities 


Considerable progress has been made by the 
State health departments in initiating or ex- 
panding environmental surveillance activities 
in radiological health. Many of the States now 
have comprehensive environmental surveillance 
programs and_ self-sustaining radiological 
health laboratories. 

The continuing efforts of State health depart- 
ments in the analysis and monitoring of radio- 
nuclides in milk complement Federal milk sur- 
veillance activities. State milk surveillance 
activities are continually undergoing develop- 
mental changes. The results presented herein 


are representative of current surveillance 
activities directed at the use of milk as an 
indicator of dietary intake of radioactivity. 

Figure 1 shows the States which report milk 
surveillance activities in Radiological Health 
Data and Reports. Data from these State activi- 
ties have been updated through July 1968. 
Commencing with the December 1968 issue of 
Radiological Health Data and Reports, milk 
surveillance data will be reported on a monthly 
basis for all State, Federal, and International 
programs. 





LEGEND: 


re States Currently Reported 


Ce States Previously Reported 











Figure 1. State milk surveillance activities 





1. California Milk Network 
April-July 1968 


Division of Environmetal Sanitation 
State of California, Department of Public Health 


Surveillance of specific radionuclides in milk 
is one phase of the California Department of 
Health program on radiation control. This milk 
monitoring function is conducted by the Depart- 
ment’s Bureau of Radiological Health at 10 
major milksheds (figure 2). 

In January 1960, the eight original sampling 
locations were chosen by the State Department 


November 1968 


of Agriculture so as to be representative of milk 
consumed by a high percentage of the State’s 
population. The Del Norte and Mendocino 
milksheds were added to the program in March 
1962 and since that time, weekly, biweekly or 
monthly sampling of pasteurized milk has been 
conducted in 10 milkshed areas of the State. 
A description of the various California milk- 
sheds was presented earlier by Heslep and 
Cornish (1). 

Strontium-89 and strontium-90 concentra- 
tions are determined radiochemically. Potas- 
sium—40, iodine—131, cesium—137, and barium— 
140 in whole fluid milk are determined by 
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Figure 2. California milksheds 


A de- 


gamma-ray scintillation spectrometry. 
tailed description of the analytical procedures 
was presented in an earlier report (2). 

The monthly calcium, potassium and radio- 
nuclide concentrations in California pasteur- 
ized milk are given in table 1 for the period of 


April through July 1968. All iodine-131 con- 
centrations remained below detectable levels 
of 10 pCi/liter during this period. 

Network average strontium—90 and cesium— 
137 concentrations are presented graphically 
in figure 3. 


Table 1. Stable elements and radionuclide concentrations in California milk, April—July 1968 





Potassium 
(g/liter) 


Calcium 


(g/liter) 


Sampling location 


Cesium-137 
(pCi/liter) 


Strontium-90 
(pCi/liter) 


Strontium-89 
(pCi/liter) 





June 
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NA, no analysis. 
ND, nondetectable. 
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Figure 3. Radionuclide concentrations in California milk 
1964—July 1968 


Recent coverage in Radiological Health Data and 


Reports: 
Period 


October-December 1967 


January—March 1968 


Issue 


June 1968 
September 1968 





2. Colorado Milk Network 
July 1968 


Air, Occupational and Radiation 
Hygiene Division 


Colorado State Department of Public Health 


The Radiation Hygiene Section of the Colo- 
rado State Health Department initiated analy- 
sis of milk for gamma-ray emitting radio- 
nuclide in January 1962. Initially a composite 


milk sample from the major producers supply- 
ing the Denver area was collected by the Denver 
City and County Health Department for the 
State. 

In August 1962, the State expanded this 
program to include the sampling of raw milk 
from the major milk producing areas supplying 
the entire State. The routine sampling rate 
depends on the activities of the Milk, Food and 
Drug Section of the State Health Department. 
Milkshed areas are shown in figure 4. 























Figure 4. Colorado milk sampling stations 
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Analyses are performed for iodine-131, 
barium-lanthanum-140, cesium-137 and potas. 
sium by gamma-ray spectrometry. Employed 
in this procedure is a 4- by 5-inch diameter 
Nal(T1) crystal housed in a modified office 
safe lined with 2 inches of lead and a 512 
multichannel pulse-height analyzer using a 
typewriter readout. Samples and backgrounds 
are counted for 40 minutes in a 2 quart (1,892 
ml) plexiglass Marinelli beaker. Calculation is 
by the matrix method (3) and the minimum 
detectable concentrations are: iodine-131, 15 
pCi/liter; barium-lanthanum-140, 21 pCi/ 


liter ; cesium-1387, 16 pCi/liter; and potassium, 
0.25 g/liter. 

Four milk samples were collected and counted 
during July 1968. Iodine—131, barium-lantha- 
num-140 and cesium—137 concentrations were 
below their respective minimum detectable con- 
centrations. Potassium concentrations averaged 
1.5 + 0.2 (2c) g/liter. 


Recent coverage in Radiological Health Data and 
Reports: 
Period 


January—March 1968 
April—June 1968 


Issue 


July 1968 
October 1968 





3. Connecticut Milk Network 
April-July 1968 


Connecticut State Department of Health 


The Connecticut State Department of Health 
has been monitoring pasteurized milk for stron- 
tium-89 and strontium-90 since April 1960. 
In May 1962, the program was expanded to 
include the determination of gamma-emitting 
radionuclides in milk. 

The sampling program is flexible in nature, 
providing for sampling in five areas of the 
State (figure 5). At the present time, weekly 
samples representative of milk sold in the cen- 


tral area of the State are collected and analyzed 
for strontium-89, strontium—-90, and gamma- 
ray emitters. Concentrations of iodine—131 are 
determined as an indication of the presence of 
radioactivity of recent origin. 


Table 2. Radionuclide concentrations in central 
Connecticut pasteurized milk, April-July 1968 





Radionuclide concentration 
(pCi/liter) 
Month 





Stron- 
tium-90 


Stron- 


Cesium- 
tium-89 137 





NA 
NA 
NA 

















NA, no analysis. 
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Figure 5. Connecticut pasteurized milk sampling areas 
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Figure 6. Radionuclides in Connecticut pasteurized milk 
1964-July 1968 


Strontium-89 and strontium-90 are deter- 
mined by chemical separation. Iodine-131 and 
other gamma-ray emitters are determined by 
gamma-ray scintillation spectroscopy. 

The monthly average concentrations of stron- 
tium-89, strontium—90, iodine—131, and cesium— 
137 in central Connecticut pasteurized milk are 
presented in table 2. These results are presented 
graphically in figure 6. 


Recent coverage in Radiological Health Data and 
Reports: 


Period 


October—December 1967 
January—March 1968 


Issue 


May 1968 
August 1968 





4. Florida Milk Network 
July 1968 


Division of Radiological Health 
Florida State Board of Health 


The Florida State Board of Health began 
sampling raw milk for iodine—-131 analysis in 
two major areas of the State in November 
1962. The program has since been expanded 
to include the analysis of milk for strontium— 
89, strontium-90, cesium-137, barium-—140 and 
potassium, in addition to iodine-131. Analysis 
for strontium-89 was made until 1965, but due 
to extremely low levels has been discontinued 
since that time. Monthly milk sample collec- 
tion procedure of obtaining milk from randomly 
selected farms in each of the six regions of the 
State (figure 7), was redesigned in July 1968. 
Beginning in July 1968, a 1-gallon raw milk 
sample is collected monthly from a major 
processing plant in each of the regions refer- 
enced above. The milk produced in each region 
is generally processed and consumed in that 
region. The procesing plant from which the 
milk sample is obtained was selected on its 
percentage contribution to the total milk 
market. 


November 1968 





ATLANTIC 


MEXICO 











Figure 7. Florida milk sampling areas 


The sample of milk is collected in each region 
on Monday or Tuesday following the first Sun- 
day of each month. The maximum age of any 
portion of the milk making up the sample is 
72 hours. The samples are sent to the State 
Board of Health Radiological Laboratory in 
Orlando for analyses. The samples are ana- 
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Table 3. Stable element and radionuclide concentration * 
in Florida raw milk, July 1968 





Radionuclide 
concentrations 
(pCi/liter) 
Sampling location : Rae ye 
Potassium 


Strontium- 
(g/liter) 90 


Cesium- 
137 





July July 





Tampa Bay area 
Southeast 











1 
i. 
1.6 
1. 
1 

1 





® Barium-140 and iodine-131 concentrations remained below 10 pCi/ 
liter for this period. 


lyzed and corrected for decay to the time and 
date of collection. 

Strontium-—90 is determined by the ion ex- 
change method developed by Porter et al (4). 
Iodine-131, cesium—137, barium—140 and potas- 
sium are determined by gamma-ray spectrom- 
etry (5). 

Stable element and radionuclide concentra- 
tions for July 1968 are presented in table 3. 


Recent coverage in Radiological Health Data and 
Reports: 


Period 


January—March 1968 
April-June 1968 


Issue 


July 1968 
October 1968 





5. Indiana Milk Network 
April-July 1968 


Bureau. of Environmental Sanitation 
'ndiana State Board of Health 


The Indiana State Board of Health began 
sampling pasteurized milk for radionuclide 
analysis in September 1961. The State was 
geographically divided into five major milk- 
sheds; northeast, northwest, central, southeast, 
and southwest (figure 8). One large dairy 
within each milkshed was assumed to be repre- 
sentative for sampling purposes. 

The milk samples are analyzed monthly for 
strontium-89 and strontium-90. Cesium—137, 
iodine-131, and barium-140 are analyzed 
weekly for at least two of the milksheds. When 
iodine-131 concentrations exceed 100 pCi/liter, 
the sampling frequency is increased. From 
August 1963 to April 1966, because of the con- 
tinued low concentrations of short-lived radio- 
nuclides, the sampling frequency was once a 
month for the northeast, southeast, and south- 
west milksheds. 

Strontium-89 and strontium-90 concentra- 
tions in milk samples are determined by ion 
exchange separation (4, 6) while cesium-137, 
iodine-131, and barium—140 are determined by 
gamma-ray scintillation spectrometry (7). 
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Figure 8. Indiana pasteurized milk sampling areas 


The monthly stable element and radionuclide 
concentrations in Indiana pasteurized milk are 
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Table 4. Stable element and radionuclide concentrations in Indiana milk * 
April-July 1968 





Calcium Potassium Strontium-90 Cesium-137 
(g/liter) (g/liter) (pCi/liter) (pCi/liter) 


Sampling 
location 





May | June May | June} July 


Northeast - . 


Southwest. __|1. 
Northwest--__}1. 


















































* All strontium-89 concentrations were 0 for this period. 


presented by sampling locations in table 4 for 
April through July 1968. Barium-140 and 
iodine-131 concentrations remained below de- 
tectable levels of 10 pCi/liter during this period. 

The monthly network average concentrations 
of strontium-89, strontium—90, and cesium--137 
are presented graphically in figure 9. 


Recent coverage in Radiological Health Data and 
Reports: 


Period Sinn ‘Taam ssasonsprasussatonsitwnessstoneprmsmsratoneitwee 
October—December 1967 May 1968 Figure 9. Radionuclide concentrations in Indiana 
January-March 1968 August 1968 pasteurized milk, 1964—July 1968 





6. Iowa Milk Network Producers furnishing milk to the Spencer bot- 
April-July 1968 tling area are quite restricted to that northwest 
part of the State and the majority of milk 


State Hygienic Laboratory and the 
Iowa State Department of Health 








In Iowa, radiological health activities are 
conducted jointly by the State Department of 
Health and the State Hygienic Laboratory, with 
the State Hygienic Laboratory performing the 
surveillance and analytical functions. 

In August 1962 the State Hygienic Labora- 
tory of Iowa began sampling milk for iodine— 
131. In May 1964 this routine surveillance was 
expanded to include cesium—137 and strontium— 
90. 

One gallon samples are collected from 4 sta- 
tions, selected to give a broad coverage of milk 
production areas in the State (figure 10). 


@chories C 














Figure 10. Iowa milk sampling locations 
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Table 3. Radionuclide concentrations in Iowa milk, April-July 1968 





Concentration 
(pCi/liter) 


Cesium-137 








Sampling location 


Strontium-90 Iodine-131 


May | June April | May | June April | May | June 





Iowa City NA <10 | <10/ <10 <10 | <10} <10 
Des Moines N: NA <10 | <10 |] <10 <10} <10} <10 
Spencer - - - 7 i N: <10} <10 <10 <10 <10 <10 
Charles City NA NA NA N: NA NA NA 



































NA, no analysis. 


bottled in Iowa City comes from six counties 
in east central Iowa. The Des Moines milkshed 
comprises approximately 60 counties covering 
about two thirds of the State radiating out of 
Des Moines in all directions. The Charles City 
bottling area covers primarily north central 
Iowa. At present the Iowa City and Des Moines 
stations are sampled weekly and the Spencer 
and Charles City stations are sampled monthly. 
This sampling frequency is increased when 
nuclide concentrations warrant closer surveil- 
lance. The samples are forwarded to the State 
Hygienic Laboratory at the University of Iowa, 
Iowa City for analysis. 


Analytical procedures 


Iodine-131 and cesium—137 together with 
barium-lanthanum-140 and potassium—40 are 
determined by gamma-scintillation spectrom- 
etry using a 4- by 4-inch NAI (T1) crystal and 
512 channel pulse-height analyzer. All samples 
are 3.5 liters and are counted for 80 minutes in 
Marinelli beakers with the results being cal- 
culated using a 4 by 4 matrix. Strontium-90 
is determined by an ion-exchange system de- 
scribed by Porter, et al (14). One liter of 
milk is passed through an ion exchange column; 
yttrium-90 is eluted from the resin and counted 
as yttrium oxalate in an automatic low back- 
ground proportional counter. Minimum detect- 
able limits are 10 pCi/liter for iodine-131 and 
cesium-137 and 2 pCi/liter for strontium-90. 


Results 


Table 4 gives the monthly averages at each 
of the four locations for April-July 1968 and 
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figure 11 shows graphically the overall net- 
work average monthly results for the same 
period. During this period it can be seen that 
the concentration levels of cesium-137 and 
strontium-90 showed a decreasing trend. 
The only significant amount of iodine-131 was 
present during the month of June 1965. 
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Figure 11. Radionuclide concentrations in Iowa milk, 
1965-July 1968 


Recent coverage in Radiological Health Data and 
Reports: 
Period 


October-December 1967 
January—March 1968 


Issue 


May 1968 
August 1968 
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7. Michigan Milk Network 


April-July 1968 Table 6. Radionuclide concentrations in Michigan 
pasteurized milk, April-July 1968 





Division of Occupational Health a ang * Stron- | Iodine- 
° ° £ i t tassi ti -90 131 
Michigan Department of Health location om | liter) | (pci/ | (pCi 


liter) liter) 





The Michigan Department of Health began Charlevoix...- 
sampling pasteurized milk for radionuclide 
analyses in November 1962. Under this pro- Detroit... _. 
gram, weekly pasteurized milk samples are col- : 
lected in the seven major milk producing areas Grand Rapids. 
in the State: Charlevoix, Detroit, Grand Rapids, 
Lansing, Marquette, Monroe, and Saginaw (fig- 
ure 12). Milkshed samples are composites of 
dairies in proportion of sales volumes. Marquette... . 
Strontium-90 concentrations are determined 
by an ion exchange method (8). Potassium-40, Monroe 
iodine-—131, cesium—137, and barium-lanthanum— 
140 concentrations are determined by gamma- 
ray scintillation spectrometry (8). 
Table 6 presents the monthly average radio- 
nuclide concentrations in Michigan pasteurized 
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Figure 12. Michigan pasteurized milk network sampling locations 
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Figure 13. Radionuclide concentrations in Michigan pasteurized milk, 1964-July 1968 


milk. Iodine-131 levels were less than the 
minimum detectable radioactivity (14 pCi/ 
liter) for the period at all stations. Strontium— 
90 and cesium-—137 concentrations are presented 
graphically in figure 13 to show general trends. 


Recent coverage in Radiological Health Data and 
Reports: 
Period 


October-December 1967 
January-March 1968 


Issue 


May 1968 
August 1968 
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8. Minnesota Milk Network 
April-July 1968 


Division of Environmental Health 
Minnesota Department of Health 


In September 1958, the Minnesota Depart- 
ment of Health initiated a pasteurized milk 
network to monitor strontium—90 concentra- 
tions. Monitoring of iodine—131 concentrations 
commenced in October 1961 and of cesium—137 
concentrations in July 1963. Until recently, 
one-liter samples were collected from eight 
sampling locations in milksheds geographically 
the same as the Minnesota health districts 
(figure 14) and analyzed for strontium—90, 
iodine-131, and cesium-137. The size of the 
sample has been increased to 2 quarts for more 
accurate determinations. The 2-quart samples 
of processed Grade A fluid milk are collected 
in the cities where the Minnesota Health De- 
partment district offices are located. 

Strontium-90 concentrations are determined 
radiochemically, while iodine-131 and cesium— 


137 concentrations are determined by gamma 
ray scintillation spectrometry. The analytical 
procedures are presented in the semiannual 
report of the Minnesota Department of Health 
and the Rura! Cooperative Power Association 
(9). 

Strontium-90, and cesium-137 concentrations 
in milk are given for April through July 1968 
in table 7, and are presented graphically by 
milkshed in figure 15 for the period, 1964 
through July 1968. Iodine-131 concentrations 
were less than 10 pCi/liter in all 24 samples. 


Table 7. Radionuclide concentrations in Minnesota 
pasteurized milk, April—July 1968 





Radionuclide concentrations 
(pCi/liter) 





Station i 
Strontium-90 Cesium-137 





Bemidji 

Mankato 

Rochester 

iid hdknnbne wes 
Worthington. __-_-_- 
Minneapolis 

Fergus Falls 

Little Falls 















































Figure 14. Minnesota milk sampling locations 
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9. New York Milk Network 
April-July 1968 


Division of General Engineering and 
Radiological Health 
Department of Health, State of New York 


Pasteurized milk samples collected routinely 
from six cities (figure 16 are analyzed for 
strontium-89, strontium—90, iodine-131, ce- 
sium-137 and barium-lanthanum-140 by the 
from six cities (figure 16) are analyzed for 
New York State Department of Health. At 
Buffalo and Newburgh, milk samples are 
collected daily from processing plants and 
composited weekly for radiochemical analyses. 
At Messena, and Syracuse daily samples are 
composited over a 2-week period and then ana- 
lyzed. In New York City, a milk sample repre- 
senting the total milk supply for 1 day is anal- 
yzed weekly. The Albany sample, taken at a 
marketing point, is analyzed daily for iodine— 
131 and other gamma-ray emitting radionu- 
clides before being composited into a weekly 
sample. In the event that any sample contains 
iodine-131 concentrations exceeding 100 pCi/ 
liter, increased surveillance is undertaken. 

Gamma-ray emitting radionuclides in milk 
are determined by scintillation spectrometry. 
Radioiodine is selectively removed in an anion 
exchange resin and the resin is analyzed for 
iodine-131 (11, 13). The resin effluent is 


analyzed and the resulting spectral data is re- 
solved by the application of a matrix method of 
analysis (12). 

The analytical procedure for determining 
strontium-—89 and strontium-—90 concentrations 
employs an ion-exchange system similar to that 
developed by Porter, et al (6). 

The radionuclide concentration of strontium— 
90 and cesium-137 are shown in table 8 for 


Table 8. Radionuclide concentrations in New York 
pasteurized milk, April-July 1968 





Radionuclide 
; E concentrations 
Sampling location (pCi/liter) 





Stron- 


Cesium- 
tium-90 137 





2222, 222 


Newburgh 


New York City 


nm 'Z, at ns tous Dp td _ tt bt tt 
TN IN Bm = ON DW ~3100S SOO mw erAIG 


Syracuse 














ND, nondetectable. 
NS, no sample. 
NA, no analysis. 
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Figure 16. New York milk sampling stations 
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Figure 17. Radionuclide concentrations in New York milk, 1964-July 1968 


April through July 1968. Cesium-137 and Recent coverage in Radiological Health Data and 
iodine-131 concentrations since January 1964 *¢P0r's: 


are presented graphically in figure 17. Period Issue 
P aie y - October-December 1967 May 1968 
January-March 1968 August 1968 


Radiological Health Data and Reports 





10. Oregon Milk Network 
April-July 1968 


Division of Sanitation and Engineering 
Oregon State Board of Health 


The Oregon State Board of Health has moni- 
tored radionuclide concentrations in milk since 
March 1962. As part of this program routine 
milk samples are collected at seven major pro- 
duction areas (figure 18), which supply 90 
percent of the milk distributed in Oregon. 
Currently, pasteurized milk samples are col- 
lected monthly by the Oregon Department of 
Agriculture, except in the Portland area where 
weekly samples are collected by the city of 
Portland. The milk sampling frequency is 
accelerated to a weekly basis in areas where 
iodine—-131 concentrations exceed 100 pCi/liter, 
or when cesium-137 concentrations exceed 500 
pCi/liter. Strontium—90 analyses are performed 
on a bimonthly basis, but may be done monthly 
when significant increases are observed. 

















Figure 18. Oregon milk production and distribution areas 


Strontium-90 concentrations are determined 
using a trichloracetic acid analytical procedure 
(15). Iodine—131, cesium—137, and barium-—140 
concentrations are determined by gamma-ray 
scintillation spectrometry (16). 

Table 9 gives the strontium-90 and cesium— 
137 concentrations in pasteurized milk from 
April through July 1968. These data are pre- 
sented graphically in figure 19. Iodine-131 and 
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Table 9. Radionuclide concentrations in Oregon 
pasteurized milk, April-July 1968 





Sam- Strontium-90 
pling (pCi/liter) 
Location fre- ¥r 

quen- 
cy * } July 


Cesium-137 
(pCi/liter) 


Coos Bay--- 
Eugene... ..-.-. 
Medford___- 
Portland 
composite _ _- 
Portland local _- 
Redmond___- 
Tillamook 














ZZZ2Z ZZZZ 
>> >> > >>> 




















* M, sampled monthly. 
W, sampled weekly. 
NA, no analysis. 


barium-140 concentrations remained below 
minimum detectable levels of 15 pCi/liter for 
all samples which were collected in April 
through July 1968. 
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Figure 19. Radionuclide concentrations in Oregon milk 
network, 1964—-July 1968 


Recent coverage in Radiological Health Data and 
Reports: 
Period 


October-December 1967 
January-March 1968 


Issue 


June 1968 
September 1968 





11. Pennsylvania Milk Network 
April-—July 1968 


Bureau of Environmental Health 
Pennsylvania Department of Health 


Samples of pasteurized milk are routinely 
collected from four major milk consumption 
areas throughout Pennsylvania (figure 20). 


Figure 20. Pennsylvania pasteurized milk network 
sampling stations 


Samples are collected weekly in Pittsburgh, 
while biweekly composite samples are now 
collected from the other three stations. At each 
sampling location, sub-samples are collected 
from the major dairies supplying the area and 
are composited in proportion to the amount of 
milk processed by each dairy. This composite 
is then sent to the Radiation Laboratory of the 
Division of Occupational Health in Harrisburg 
where the samples are analyzed for iodine-131, 


potassium—40, and cesium-137 and then com- 
posited for a monthly analysis of strontium-90. 
Stronium-90 analyses have been carried out 
since April 1963. 

The monthly average potassium—40, stron- 
tium-90, iodine-131, and cesium-137 concen- 
trations in pasteurized milk are given in table 
10. For comparative purposes, strontium—90, 
iodine-131, and cesium—137 concentrations are 
presented graphically in figure 21. 

The chemical separation technique for stron- 
tium-90 is essentially an ion-exchange method 
described by Porter, et al (17). 


Figure 21. Radionuclide concentrations in Pennsylvania 
milk, 1964-July 1968 


Recent coverage in Radiological Health Data and 
Reports: 
Period 


October-December 1967 
January-March 1968 


Issue 
May 1968 
August 1968 


Table 10. Radionuclide concentrations in Pennsylvania pasteurized milk 
April-July 1968 





Potassium 
‘ ; (g/liter) 
Sampling location 


Strontium-90 
(pCi/liter) 


Cesium-137 
(pCi/liter) 





May 





April 





Altoona *___ 
Dauphin... 
Erie 
Philadelphia 
Pittsburgh 


yore 
Derwrsa mn 












































* Sampling discontinued after April. 


> Gamma analysis for June is missing due to analyzer malfunction. : 
© Gamma results for July are in doubt due to need for recalibration following June breakdown. 


NS, no smple. 
NA, nao analysis. 
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12. Tennessee Milk Network 
July 1968 


Division of Preventable Diseases 
Department of Public Health 
State of Tennessee 


The Tennessee Department of Public Health 
began sampling pasteurized milk for radio- 
nuclide analysis in July of 1965. Currently the 
Department is collecting semimonthly milk 
samples from four cities (figure 22). In order 
to obtain a representative sample of the milk 
consumed in the areas monitored, a sample of 
milk is collected from each milk distributor 
supplying the city. The samples from the in- 
dividual distributors are then composited in 
proportion to the contribution each makes to 
the total city milk supply. 


Analytical procedures 


The semimonthly milk samples from each 
city sampled are analyzed by gamma-ray scin- 
tillation spectrometry for potassium—40, iodine— 
131, cesium-137, and barium-140, using a 314- 


liter sample (14). After gamma-ray analysis, 
strontium-89, strontium-90, and barium—140 
concentrations are determined radiochemically 
using ion-exchange procedures (15). Chemical 
analyses are also made for stable calcium and 
potassium. 

The Chattanooga milk sample is monitored 
by both the State and the Public Health 
Service’s Southeastern Radiological Health 
Laboratory. This dual examination of aliquot 
samples provides a crosscheck between the two 
laboratories. 


Results 


The monthly average stable element and 
radionuclide concentrations in Tennessee pas- 
teurized milk are presented in table 11 for July 
1968. 


Recent coverage in Radiological Health Data and 
Reports: 
Period 


January—March 1968 
April-June 1968 


Issue 
July 1968 
October 1968 
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Figure 22. Tennessee pasteurized milk sampling areas 


Table 11. 


Radionuclides in Tennessee pasteurized milk July 1968 





Concen- |”* 


tration 
(g/liter) 


Radionuclide concentration 
(pCi/liter) 





Potassium Strontium- 
89 


Strontium- | Iodine-131 | Cesium-137 | Barium-140 
90 
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13. Texas Milk Network 
July 1968 


Texas State Department of Health’ 


The Texas State Department of Health initi- 
ated a statewide milk sampling network for 
radionuclide content in April 1964. At present, 
samples of raw milk are collected from each of 
twelve sampling points once each calendar 
quarter. The station locations shown in figure 
23 were chosen to give maximum geographical 
and population coverage. 

Samples are routinely analyzed for stron- 
tium-90 by a chemical separation technique 
employing ion exchange columns (17). Prepared 
samples are counted for 100 minutes in a low- 
background beta-particle counter. 

Potassium—40, iodine-131, barium-140 and 
cesium-137 concentrations are determined by 


1Acknowledgement is accorded to the staff of the 
Radiation Control Program, Division of Occupational 
Health and Radiation Control, under the direction of 
Mr. Martin C. Wukasch, chief engineer. 


gamma-ray spectrometry. The procedure em- 
ploys a 4- by 4-inch sodium iodide crystal and 
a 400-channel analyzer. Samples are counted 
for 100 minutes in a 3.5 liter Marinelli beaker. 
The matrix method of calculation is used and 
detection limits at the 95-percent confidence 
level are 10 pCi/liter. 


Table 12. Stable element and radionuclide concentrations 
in Texas raw milk network, July 1968 @ 





Radionuclide 
concentrations 
(pCi/liter) 


Potassium 
(g/liter) 
Sampling location 
Strontium- 
90 








sity shetenintedeinechihie 
Houston 


Lubbock 


Texarkana 
Uvalde-_-_ 
=i Sars 


ZR 22-2" 2-"222Z 
Por rarurs. Pr > 
ZAAzAz Zz zzz 
rrr rar seo 














* Samples collected on a quarterly frequency at each sampling location. 
> Below detectable limits. 
NA, no analysis. 
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Figure 23. Texas milk sampling stations 
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Results 


Potassium—40, strontium-—90 and cesium—137 
results by station and month for July 1968 are 
presented in table 12. During this time, iodine— 
131 and barium-140 concentrations were below 
their limits of detectability (10 pCi/liter). 

Comparison of the observed radionuclide 
concentrations with the Federal Radiation 
Council guides for peacetime operation indi- 


cates that at no time during the period of 
surveillance did the radionuclide concentrations 
in Texas milk approach levels suggesting any 
remedial action (10). 


Recent coverage in Radiological Health Data and 
Reports: 
Period 


January-March 1968 
April—June 1968 


Issue 


July 1968 
October 1968 





14. Washington Milk Network 
April-July 1968 


Office of Air Quality Control 
State of Washington Department of Health 


The Washington State Department of Health 
initiated a surveillance program for radio- 
activity in raw milk in December 1962. The 
collection points shown in figure 24 were 
selected to provide samples representative of 
varying climatological conditions within the 
State’s two major milksheds. In addition to 
the eight milk sampling locations in Washing- 
ton, milk is sampled from Northwest Idaho 
(Sandpoint), as this area forms a part of the 
Spokane milkshed. Details of the sampling 
procedures were presented in an earlier report 
(18). 

Selected samples are radiochemically ana- 
lyzed for strontium-90. Potassium—40, iodine— 
131, cesium-137, and barium-140 concentra- 
tions are determined by gamma-ray scintillation 
spectrometry. Details of the analytical proce- 
dures were presented earlier (17). 
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Figure 24. Washington milksheds and sampling locations 


Table 13 presents monthly radionuclide con- 
centrations in Washington raw milk for April 
through July 1968. Samples collected during 
April through July 1968 contained less than 
10 pCi/liter of iodine-131. Barium-140 results 
remained below 15 pCi/liter for all samples 
collected during this period. Monthly average 
strontium-90 and cesium-137 concentrations 
are presented graphically in figure 25 to dis- 
play general trends. 


Table 13. Stable element and radionuclide concentrations 
in Washington raw milk, April-July 1968 





Sampling location 
Potassium 
(g/liter) 


Radionuclide concentrations 
(pCi/liter) 





Strontium-90 Cesium-137 





May | June 


May | June April 





| 


Pierce Count: 
Sandpoint, I 
Skagit County 


alekelel teketed 
WAUBDAOs 
Ont bat Os but Od Ont Od op 
DRAUMAIeD 
ens weE® 
RDO Dorm or 




















COMI tom hoor 
Z A 
to | ae Gow 


























NS, no sample. 
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Figure 25. Radionuclide concentrations in Washington 
milk, 1963-July 1968 


During this reporting period, four samples 
(two from Benton County and two from Frank- 
lin County) were analyzed for zinc—65. Results 
ranged from <20 pCi/liter to 47 pCi/liter of 
zinc-65. Milk samples produced in areas using 
Columbia River water for irrigation have peri- 
odically been found to contain this radionuclide. 


Recent coverage in Radiological Health Data and 
Reports: 
Period 
October—December 1967 
January—March 1968 


Issue 
June 1968 
September 1968 
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Food and Diet Surveillance 


Efforts are being made by various Federal 
and State agencies to estimate the dietary in- 
take of selected radionuclides on a continuing 
basis. These estimates along with the guidance 
developed by the Federal Radiation Council, 
provide a basis for evaluating the significance 
of radioactivity in foods and diet. 


Programs 


Period reported 


Networks presently in operation and reported 
routinely include those listed below. These 
networks provide data useful for developing 
estimates of nationwide dietary intakes of 
radionuclides. Programs most recently reported 
in Radiological Health Data and Reports and 
not covered in this issue are as follows: 


Last presented 





California Diet Study 
Institutional Diet, PHS 
Tri-City Diet, HASL 


July-October 1967 
January-March 1968 
April-December 1967 





May 1968 
October 1968 
June 1968 





1. Estimated Daily Intake of Radionuclides 
in Connecticut Standard Diet, 
January-June 1968 


Connecticut State Department of Health 


The Connecticut State Department of Health 
has been analyzing a standard diet on a monthly 
basis since March 1963. Analyses are made for 
strontium-89, strontium-90, and gamma-ray 
emitters. 

The standard diet was selected to represent 
the food intake of an 18-year-old boy for 1 day 
(table 1). The total weight of the complete 
blended diet, averaging 3 kilograms, included 
milk and dairy products. When raw fruit or 
vegetables were sampled, they were washed 
before blending. 

Cesium-—137 concentrations were determined 
by gamma-ray spectrometry (1). Strontium- 


Table 1. Foods included in standard diet 





Ice cream— % pint 

Lettuce, washed—4-5 leaves 
Milk—3 cups 
Oatmeal—uncooked—43 grams 
Orange—1 

Peanut butter—2\% tablespoons 
Pears, canned—2 halves with juice 
Potatoes, washed, not peeled—2 
Sugar—5 tablespoons 

Tomato juice—113 grams 

Tuna fish, drained—43 grams 


Bread, white—8 slices 

Butter, 4 stick 

Carrots, scraped—% cup 

Celery, washed and trimmed— 
3 stalks 

Cookies—4 

Cottage cheese—34 cup 

Cupcakes—2 

Egg—1 

Green beans, washed—% cup 

Ham—85 grams 

Hamburger—227 grams 
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89 and strontium-90 concentrations were deter- 
mined by chemical separation techniques (1). 

Table 2 presents the analytical results for 
the Connecticut standard diet from January 
through June 1968. Results representative of 
the total daily intake for the radionuclides ob- 
served are presented in table 3. 

In order to evaluate general trends, the 
strontium-90 and cesium-137 daily intakes are 
plotted as a function of time in figures 1 and 2. 


Table 2. Radionuclide concentrations in Connecticut 
standard diet," January-June 1968 





Strontium-90 
(pCi/kg) 


Month Potassium 
(1968) (g/kg) 


Cesium-137 
(pCi/kg) 


January 
February 


NiZNNNN 














* All strontium-89 values were <3 for this period. 


Table 3. Daily radionuclide intakes in Connecticut 
standard diet,* January-June 1968 





Month 
(1968) 


Cesium-137 
(pCi/day) 


Strontium-90 
(pCi/day) 


Potassium 
(g/day) 





| 


January 
February - -- 








WZABA 
sP-wots 








* All strontium-89 values were <3 for this period. 
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Figure 1. Strontium-90 intake in Connecticut standard 
diet, 1963-July 1968 


REFERENCE 


(1) CONNECTICUT STATE DEPARTMENT OF 
HEALTH. Estimated daily intake of radionuclides 
in Connecticut standard diet, March 1963—December 
1964. Radiol Health Data 6:381-382 (July 1965). 


4 
| 


4 
| 
| 

| 
. is ESS SESSSSESES FPP VTP TPPPREN AT Pers Ae Hy 
1963 1945, 


Figure 2. Cesium-137 intake in Connecticut standard 
diet, 1963-July 1968 


Recent coverage in Radiological Health Data and 
Reports: 
Period 


January-June 1967 
July—December 1967 


Issue 
November 1967 
May 1968 
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SECTION If. WATER 


The Public Health Service, the Federal Water 
Pollution Control Administration and other 
Federal, State, and local agencies operate ex- 
tensive water quality sampling and analysis 
programs for surface, ground, and treated 
water. Most of these programs include deter- 
minations of gross beta and gross alpha radio- 
activity and specific radionuclides. 

Although the determination of the total 
radionuclide intake from all sources is of pri- 
mary importance, a measure of the public health 
importance of radioactivity levels in water can 
be obtained by comparison of the observed 
values with the Public Health Service Drinking 
Water Standards (1). These standards, based 
on consideration of Federal Radiation Council 
(FRC) recommendations (2-4), set the limits 
for approval of a drinking water supply con- 
taining radium-226 and strontium-90 as 3 
pCi/liger and 10 pCi/liter, respectively. Limits 


Water sampling program 


Colorado River Basin 

Florida 

Minnesota 

New York 

Radiostrontium in Tap Water, HASL 
Tritium in Surface Water, PHS 
Washington 





REFERENCES 
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water standards, revised 1962, PHS Publication No. 
956. Superintendent of Documents, U.S. Government 
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(2) FEDERAL RADIATION COUNCIL. Radiation 
Protection Guidance for Federal Agencies. Memoran- 
dum for the President, September 1961. Reprint from 
the Federal Register of September 26, 1961. 
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Period reported 


may be set higher if the total intake of radio- 
activity from all sources remains within the 
guides recommended by FRC for control action. 
In the known absence’ of strontium-90 and 
alpha-particle emitters, the limit is 1,000 pCi/ 
liter gross beta radioactivity, except when addi- 
tional analysis indicates that concentrations of 
radionuclides are not likely to cause exposures 
greater than the limits indicated by the Radia- 
tion Protection Guides. Surveillance data from 
a number of Federal and State programs are 
published periodically to show current and long- 
range trends. Water sampling activities re- 
cently reported in Radiological Health Data and 
Reports are listed below. 


1Absence is taken to mean a negligibly small fraction 
of the specific limits of 3 pCi/liter and 10 pCi/liter for 
unidentified alpha-particle emitters and strontium-90, 
respectively.. The limit for unidentified alpha emitters 
is taken as the limit for radium-—226. 


Last presented 





1965-1966 
1965-1966 
July-December 1967 
June—December 1967 
July—December 1967 
1967 

July 1966-—June 1967 





May 1968 
July 1968 
October 1968 
October 1968 
June 1968 
October 1968 
August 1968 


(3) FEDERAL RADIATION COUNCIL. Background 
material for the development of Radiation Protection 
Standards, Report No. 1. Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington, 
D.C. 20402 (May 1960). 


(4) FEDERAL RADIATION COUNCIL. Background 
material for the development of Radiation Protection 
Standards, Report No. 2. Superintendent of Docu- 
ments, U.S. Government Printing Office, Washington, 
D.C. 20402 (September 1961). 
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Gross Radioactivity, May 1968, and Strontium-90, July 1966-September 1967, 


in Surface Waters of the United States 


Division of Pollution Surveillance 
Federal Water Pollution Control Administration 
Department of the Interior 


The monitoring of levels of radioactivity in 
surface waters of the United States was begun 
in 1957 as part of the Water Pollution Sur- 
veillance System currently operated by the 
Federal Water Pollution Control Administra- 
tion. Beginning with the establishment of 50 
sampling points, this system has been expanded 
to include 131 stations. These stations are 
operated jointly with other Federal, State, and 
local agencies, and with private industries. 
Samples are taken from surface waters of all 
major U.S. river basins for physical, chemical, 
biological, and radiological analyses. The sys- 
tem provides background information neces- 
sary for recognizing water quality trends and 
for determining current and general levels of 


surface water contamination and early detec- 
tion of specific situations whick may warrant 
more detailed evaluation. Complete data and 
exact sampling locations for 1958 through 1963 
are published in annual compilations (1-6). 
Data for subsequent years are available on 
request. 


Sampling procedures 


The participating agencies collect 1-liter 
“grab” samples each week and ship them to the 
Surveillance System Laboratory in Cincinnati. 
Presently, gross alpha and beta radioactivity 
determinations are made either on monthly 
composites of the weekly samples or on each 
weekly sample. Weekly alpha and beta radio- 
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Figure 1. Sampling locations and associated total beta radioactivity (pCi/liter) in 
surface waters, May 1968 
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activity determinations are scheduled for sta- 
tions located downstream from known poten- 
tial sources of radioactive waste. Weekly 
analyses are conducted at all newly established 
stations for the first year of operation. Weekly 
analyses are also scheduled for selected stations 
in an effort to detect short-term increases in 
radioactivity from current or recent nuclear 
tests or events. 


Analytical methods 


The analytical method used for determining 
gross alpha and beta radioactivity is described 
in the twelfth edition of “Standard Methods 
for the Examination of Water and Wastewater” 
(7). Suspended and dissolved solids are sepa- 
rated by passing the sample through a mem- 
brane filter (type HA) with a pore size of 0.45 
micron. Planchets are then prepared for count- 
ing the dissolved solids (in the filtrate) and the 
suspended solids (on the charred membrane 
filter) in an internal proportional counter. 
Reference sources of U,O, are used for daily 
checking of the counter. 

Normally, samples are counted within 2 
weeks following collection or within 1 week 
after compositing. The decay of radioactivity 
is followed on each sample for which the first 
analysis shows unusually high radioactivity. 
Also, if a recount indicates that the original 
analysis was questionable, values based on the 
recount are recorded. All results are reported 
for the time of counting and are not extra- 
polated to the date of collection. 


Results 


Table 1 presents the current preliminary 
results of the alpha-and beta-particle analysis 
of United States surface waters. The stations 
on a river are arranged in the table according to 
their distance from the headwaters. The figures 
for gross alpha and gross beta radioactivity rep- 
resent either determinations on composite 
samples or means of weekly determinations 
where composites were not made. The monthly 
means are reported to the nearest pCi/liter. 
When all samples have 0 pCi/liter, the mean is 
reported as 0; when the calculated mean in 
between 0 and 0.5, the mean is reported as 
<1 pCi/liter. 


November 1968 


A geographical perspective of the radio- 
activity in surface water is obtained from the 
numbers printed near the stations shown in 
figure 1, which gives the average total beta 
radioactivity in suspended-plus-dissolved solids 
in raw water collected at each station. 

It has been observed that, in water, the 
natural environmental beta radioactivity is 
usually several times that of the natural en- 
vironmental alpha radioactivity. Nuclear in- 
stallations may contribute additional alpha or 
beta radioactivity whereas fallout contributes 
primarily additional beta radioactivity. The 
radioactivity associated with dissolved solids 
provides a rough indication of the levels which 
would occur in treated water, since nearly all 
suspended matter is removed by treatment 
processes (9). 

Special note is taken when the alpha radio- 
activity is 15 pCi/liter or greater or when the 
beta radioactivity is 150 pCi/liter or greater. 
These arbitrary levels provide a basis for the 
selection of certain data and for comment on 
the data, if needed. They reflect no public 
health significance as the Public Health Service 
drinking water standards have already pro- 
vided the basis for this assessment (10). 
Changes from or toward these arbitrary levels 
are also noted in terms of changes in radio- 
activity per unit weight of solids. No discussion 
of gross radioactivity per gram of dissolved or 
suspended solids for all stations of the Water 
Pollution Surveillance System will be attempted 
at this time. Comments are made only on 
monthly average values. Occasional high values 
from single weekly samples may be absorbed 
into a relatively low average. When these values 
are significantly high comment will be made. 

During May 1968, the following stations 
showed values of 15 pCi/liter or greater on 
alpha radioactivity for dissolved solids: 

Arkansas River, Coolidge Kans, Colorado 
River, Parker Dam, Ariz-Calif; North 
Platte River, Henry, Nebr; and South 
Platte River, Julesburg, Colo. 


Strontium-—90 determinations and results 


Beginning in 1959, strontium—90 analyses of 
the total solids in surface waters were made 
quarterly on 3-month composites of aliquots 
from weekly samples. Beginning in November 
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Table 1. Radioactivity in raw surface waters, May 1968 





Average beta 
radioactivity 
(pCi/liter) 


Average alpha 
radioactivity 
(pCi/liter) 
Station eanplnant 





LT is- Total 


solved 


Sus- 
pended 


Dis- Total 


solved 


Sus- 
pended 


| 


Average alpha 
radioactivity 
(pCi/liter) 


Average beta 
radioactivity 
(pCi/liter) 
Station 


Sus- Total 


pended 


Dis- 


pended | solved solved 





Animas River: 
Cedar fill, N. Mex. 
Apalachicola River: 
Chattahoochee, Fla_- 
Arkansas River: 
Coolidge, Kans__- ~~~ 
Ponca City, Okla___- 
Pendleton Ferry, 
| SS Ma 
Atchafalaya River: 
Morgan City, La_..- 
Big Horn River: 
Hardin, Mont 
Big Sioux River: 
Sioux Falls, S. Dak-- 
Chattahoochee River: 
Atlanta, Ga 
Columbus, Ga 
Clearwater River: 
Lewiston, Idaho 
Clinch River: 
Clinton, Tenn 
Kingston, Tenn *__-_- 
Colorado River: 
Loma, Colo 


22 


-o SO 


- 


co ooo So OWN 


Parker Dam, Calif- 
Ariz 
Columbia River: 
Wenatchee, Wash-__-- 
Pasco, Wash * 
Clatskanie, Ore 


Cumberland River: 
Cheatham Lock, 
Tenn 
Escambia River: 
Century, Fla 
Great Lakes: 
Duluth, Minn 
DE, DE Resnwnnwe 
Green River: 
Dutch John, Utah. _- 
Hudson River: 
Poughkeepsie, N. Y_-- 
Illinois River: 
Peoria, Ill 
<ansas River: 
DeSoto, Kans 























| Platte River: 





Klamath River: 
Keno, 
Merrimack River: 
Lowell, Mass... .. ~~. 
Mississippi River: 
St. Paui, Minn 
E. St. Louis, Ill 
W. Memphis, Ark... 
New Orleans, La- ~~. 
Missouri River: 
Williston, N. Dak___- 
Bismarck, N. Dak... 
St. Joseph, Mo 
Missouri City, Mo--. 
Monongahela River: 
Pittsburgh, Pa 
North Platte River: 
Henry, 
Ohio River: 
Cincinnati, Ohio 
Cairo, Ill 
Pend Oreille River: 
Albeni Falls Dam, 


SC SWNKOW SCOrFrKOo SC SO 
So £UwWO ANwO SC Oo 


uo 
— 
oo 


oo 
om 


Plattsmouth, Nebr_-_- 
Potomac River: 

Washington, D.C_._- 
Rainy River: 

International Falls, 


Baudette, Minn 
Red River, North: 
Grand Forks, 


Denison, Tex 
Rio Grande: 
Laredo, Tex......... 
San Juan River: 
Shiprock, N. Mex--_-- 
Savannah River: 
Port Wentworth, 
Ga* 
South Platte River: 
Julesburg, Colo. 
Tennessee River: 
Chattanooga, Tenn_- 
Yellowstone River: 
Sidney, Mont 








Maximum 





Minimum 




















* Gross beta radioactivity at this station may not be directly comparable to gross beta radioactivity at other stations because of the possible contribution 
of radionuclides from an upstream nuclear facility in addition to the contribution from fallout and naturally occurring radionuclides. 


1962, the frequency of analysis was reduced 
to two quarterly samples per year at each 
sampling point except at those stations immedi- 
ately below nuclear installations, where regular 
quarterly analyses were continued. The method 
used for determining strontium-90 is a modi- 
fication of a procedure described by Harley 
(8). Yttrium-—90 together with a yttrium car- 
rier is precipitated as yttrium oxalate and the 
latter is washed, dried, weighted, and counted 
in a low-background, anticoincidence, end- 
window proportional counter. 
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Table 2 presents the results of quarterly 
analyses of strontium-90 concentrations in U.S. 
surface waters for the third and fourth quar- 
ters of 1966 and the first, second and third 
quarters of 1967. The stations are arranged in 
the table according to their distance from the 
headwaters. 

While there are no standards for strontium— 
90 radioactivity of total solids in surface waters, 
the Public Health Service Drinking Water 
Standards set the limit for strontium-90 con- 
centrations in drinking water at 10 pCi/liter. 
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Table 2. Quarterly strontium-90 concentrations in surface waters, 
July-December 1966 and January-September 1967 





Station 





Allegheny River: 
Pittsburgh, Pa 
Animas River: 
Cedar Hill, N 
Apalachicola River: 
Chattahoochee, Fla... 
Arkansas River: 
Coolidge, Kans 
Ponca City, Okla 
Fort Smith, 
Little Rock, Ar 
Pendleton Ferry, Ark.-- 
Atchafalaya River: 
Morgan City, La 
Bear River: 
Preston, Idaho 
~ Horn River: 
Jardin, Mont 
Big Sioux River: 
Sioux Falls, 8. Dak_--.- 
Brazos River: 
Arcola, Tex 
Chattahoochee River: 
Atlanta, Ga 


Lanett, Ala 
Chena River: 
Fairbanks, Alaska 
Clearwater River: 
Lewiston, Idaho 
Clinch River: 
Clinton, Tenn 
Kingston, Tenn 
Colorado River: 
Loma, Colo 
Page, Ariz 
Boulder City, Nev 
a - 4 Dam, Calif/ 


Yuma, Ariz 
Columbia River: 
Northport, Wash 
Wenatchee, Wash 
Pasco, Wash 


Enfield Dam, CM. wo 
Coosa River: 


Cumberland River: 
Cheatham Lock, Tenn_- 
Cuyahoga River: 
Cleveland, Ohio 
Delaware River: 
Martins Creek, Pa 
Trenton, 


Escambia River: 
Century, Fla 
Great Lakes: 


Saulte Ste. Marie, 
Mich 

Milwaukee, Wis 

Gary, Ind 

Port Huron, 

Gibraltar, Mich-----_- 

Detroit, Mich 

Buffalo, N.Y 
Green River: 

Dutch John, Utah 
Hudson River: 

Poughkeepsie, N.Y... 
Illinois River: 


Kanawha River: 

Winfield Dam, W. Va-_- 
Kansas River: 

DeSoto, Kans 
Klamath River: 

Keno, 


November 1968 


July- 
Sept 
1966 





Average concentrations 
ats i/liter) 

Apr- 

June 

1967 


Jan- 
Mar 
1966 1967 


0.8 














July- 
Sept 
1967 





Station 


od 


| Little Miami River: 
Cincinnati, Ohio. 
Maumee River: 
Toledo, Ohio 
| rrimack River: 
Lowell, Mass 
Mississippi River: 
St. Paul, Minn 
Dubuque, See 
Burlington, lowa 
E. St. Louis, Ill. ...... 
Cape Girardeau, Mo. -. 
W. Memphis, Ark 
Vicksburg, Miss 
Delta, I 
New Roads, La ‘ 
New Orleans, La- - ~~ -- 
Missouri River: 
Williston, N. 
Bismarck, N. 
Yankton, 8S. Dak 
Omaha, Nebr 
St. Joseph, Mo. 
Kansas City, 
Missouri City, Mo 
St. Louis, Mo 
Monongahela River: 
Pittsburgh, Pa 
North Platte River: 


Ohio River: 
Toronto, Ohio 
Addison, Ohio-- patel 
Huntington, W. Va...- 
Cincinnati, Ohio__- 
Louisville, Ky 
Evansville, Ind 


Ouachita River: 
Bastrop, La 

Pend Oreille River: 
Albeni Falls Dam, 


Platte River: 
Plattsmouth, Nebr_-.--_- 
Potomac River: 
Williamsport, Md 
Great Falls, Md_---- e 
Washington, D.C 
iny River: 
Baudette, Minn 


Red River, North: 
Grand Forks, N. Dak_- 
Red River, South: 
Denison, Tex 


Bossier City, La 
Alexandria, La 

Rio Grande: 
Alamosa, Colo 
El Paso, Tex 


Roanoke River: 
John H. Kerr Resr/ 
Dam, 
Sabine River: 
Ruliff, Tex 
Sacramento River: 
Greens Landing, Calif_- 
St. Lawrence River: 
Massena, } 
San Juan River: 
Shiprock, N. Mex...--- 
Savannah River: 
North Augusta, 8. C_-- 
Port Wentworth, Ga. 
Schuylkill River: 
Philadelphia, Pa 
Shenandoah River: 
Berryville, Va 
Ship Creek: 
Anchorage, Alaska 





1966 








Average concentrations 
(pCi/liter) 


Mar 
1967 


1966 











eve + *§ BS 


eo So 





Table 2. Quarterly strontium-90 concentrations in surface waters, 
July-December 1966 and January-September 1967—Continued 





Average concentrations 
(pCi/liter) 


Station 

July- : d Apr- 
Sept } June 
1966 1966 96 1967 


Snake River: 
Ice Harbor Dam, Wash : j 0.6 
Wawawai, Wash é 
Payette, Idaho- 
South Platte River: 
Julesburg, Colo 
Spokane River: 
Post Falls Dam, Idaho. 
Susquehanna River: 
Sayre, Pa. - 
Conowingo, Md....- : 
Tennessee River: 
Lenoir City, Tenn 
Chattanooga, Tenn- - -- 
Pic kwic k Landing, 


Tombigbee River: 
Columbus, Miss. ------ 

















|| Wabash River: 








: | Median chemise ‘ 


| Average 
iI 


Average ¢ once ntrations 
(pCi/liter) 


Station 
July- Oct- Jan- 
Sept Dec Mar 
1966 1966 1967 


Truckee River: 
Farad, Ce 


New Harmony, Ind__.- 
Willamette River: 
Portland, Ore 
Yakima River: 
Richland, Wash- - -_--- 
Yellowstone River: 
Sidney, Mont... ---- . 
Maximum 


Minimum... ------ 




















During July-December 1966 and January— 
September 1967, this standard was not reached. 
Comparison between the quarters is not feasible 
at all sampling locations due to fluctuations in 
sampling frequencies. Comparisons with re- 
sults prior to October 1964 should take into 
consideration an _ instrument recalibration 
which resulted in a lowering of strontium—90 
values by 15 percent (11). 

Although Grand Forks, N. Dak., on the Red 
River has shown maximum quarterly values 
of strontium-90 in past years, the current 
quarterly levels for 1967 have shown a decline. 
On the other hand, the levels at Kingston, 
Tenn., on the Clinch River below Oak Ridge 
showed an unusual value in strontium-90 dur- 
ing April-June 1967. An individual stron- 
tium-90 determination on a single sample col- 
lected May 22, 1967, gave a result of 17.5 pCi/ 
liter. This condition was temporary since the 
gross beta radioactivity on both the May 22 
sample and the following samples contained 70 
pCi/liter and 21 pCi/liter, respectively. From 
June through November of 1967, gross beta 
radioactivity at this station has been at nor- 
mally low levels. One value of 44 pCi/liter of 
gross beta radioactivity was detected in Decem- 
ber 1967. Values since that time were low. 
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Tritium in Surface Water Network January-June 1968 


National Center for Radiological Health 
U.S. Public Health Service 


The tritium sampling network was estab- 
lished by the Public Health Service in May 1964 
to measure and monitor tritium concentrations 
in major river systems in the United States 
and to provide surveillance at selected surface 
water stations downstream from nuclear facili- 
ties. The network consists of 10 stations 
selected from the 131 existing water pollution 
sampling stations operated by the Federal 
Water Pollution Control Administration 
(FWPCA); eight of the stations are located 
downstream from nuclear facilities and two 
stations were to establish baseline levels (figure 
1). Articles covering the period 1964-1965 (1) 
and 1966 (2) and a data report for 1967 have 
been published previously in Radiological 
Health Data and Reports. 


Monthly composites of weekly samples are 
collected through the FWPCA and sent to the 
Southeastern Radiological Health Laboratory 
for analysis. The analyses are carried out using 
liquid scintillation counting techniques de- 
scribed by Moghissi et al (3). The minimum 
level of detectability is 0.2 nCi/liter. 

Data for the samples collected during the 
first 6 months of 1968 are shown in table 1. 
Station averages for this period and the cor- 
responding period of 1967 are also presented in 
the table. The highest concentration observed 
during the first 6 months of 1968 was 23.5 nCi/ 
liter (Clinch River - Kingston, Tenn.). The 
highest 6-month average, 9.6 nCi/liter, was also 
observed at the Clinch River station. Assuming 











Savannah River 
Port Wentworth, Go. 








Figure 1. Sampling stations for tritium in surface waters 
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Table 1. Tritium concentration of surface waters, January-June 1968 





Concentration 
(nCi/liter) * 





Collection site 





Jan-June 
average > 


1968 | 1967 








Big Sioux River: 
Sioux Falls, 8. Dak 
Clinch River: 
Kingston, Tenn 
Colorado River: 
Boulder City, Nev 
Columbia River: 
Northport, Wash 4 
Columbia River: 
Pasco, Wash 
Hudson River: 
NSN EIST TIO 
Mississippi River: 
New Orleans, La 4 
Ohio River: 
Wheeling, W. Va 
Rio Grande: 
a 
Savannah River: 


Port Wentworth, Ga 3.8 +0.3 








5 























® The error reported is the two-sigma error at the 95-percent confidence level. 
b Values less than or equal to the minimum level of detectability (0.2 nCi/liter) were averaged as zero. 


¢ Values are not statistically significant at the 95-percent confidence level. 


4 Baseline station. 
NS, no sample. 


that the specific activity of tritium in the body 
is essentially the same as that in the surface 
water, this average concentration corresponds 
to an estimated whole-body dose’ of 1.6 mrem/ 
year; or in terms of Federal Radiation Council 
guidance, approximately 1 percent of the Radia- 
tion Protection Guide (170 mrem/year) for an 
average dose to a suitable sample of the exposed 
population (4). With the exception of the 
Clinch River station, all stations showed lower 
6-month averages for this January-June collec- 
tion period than for the comparable period in 
1967. The 6-month average for the Clinch River 
station increased from 4.4 to 9.6 nCi/liter. 

The samples for the Ohio River station, pre- 
viously collected at Toronto, Ohio, are now be- 
ing collected at Wheeling, W. Va. The new 
sampling location is approximately 50-miles 
downstream from Toronto. 


1 Development of the calculations to obtain this dose 
may be found in reference 2. 
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Radioactivity in California Waters! July-December 1967 


Bureau of Radiological Health 
State of California 
Department of Public Health 


Gross beta radioactivity in California domes- 
tic waters is monitored by the State of Cali- 
fornia’s Bureau of Radiological Health. The 
importance of this program in the State’s 
environmental surveillance activities stems 
from the fact that most of California’s domestic 
water supplies are of surface origin. 


' Data from January and April 1968 issues of Radio- 
logical Health News, State of California, Department 
of Public Health, Bureau of Radiological Health, 2151 
Berkeley Way, Berkeley, Calif. 94704. 


Radioactivity in such water supplies consists 
of the natural radioactivity in surface streams, 
radioactivity added by the discharge of sewage 
or by industrial waste effluents, and radio- 
activity from fallout, particularly fallout into 
open terminal or distribution reservoirs. Pres- 
ent efforts consist of sampling raw and treated 
surface waters and well waters. It should be 
noted that except for large metropolitan water 
supplies, raw water sampling is being phased 
out and treated water sampling being substi- 
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Figure 1. California surface water sampling stations 
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Table 1. Gross beta radioactivity in California domestic waters, July-December 1967 





Sampling station Quality 


Concentration 
(pCi/liter) 





August September October November December 





Berkeley -- - - ‘ ‘ 
Clearlake Highlands- -- - - 
Crescent City. - - 

Death Valley 

Dos Palos. 

Eureka- 


Fort Bragg--- - - - 

Lake Arrowhead- - -- 

Lake Millerton. - --- 

Los Angeles. ___-_. erie satin 

Marin Municipal Water District- - -- - - 

0 SS alee wana 

Metropolitan Water District South Calif: 
Weymouth Plant 

Monterey 


Treated 
Treated 
Treated 


Wel 


Raw - 
Sludge > 
Oroville: 

Wyandotte Irrigation District... _. sadn 
See ~ e 
Redding Treated 
Sacramento: 

ee ee 


San Francisco: 
Water Department-__-___- m 
Alameda East 
Brightside Weir 
Calavaras Reservoir 
Crystal Springs 
Hetch Hetchy 


Treated _ 
Treated - 
Treated _ 
Santa Rosa- f 
Scotia 


Swanzy Reservoir 
Willits Treated 
Treated 
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® When the counting rate of the sample is not equal to at least twice the 0.95 error, the value reported is the best estimate, but is not sta*istically 


a. 

Sludge reported in pCi/g (dry weight). 
ND, nondetectable. 
NS, no sample collected. 


tuted or continued. This procedural change is 
predicated upon sampling water at the point 
of consumption. 

Most of the supplies sampled have, as a 
source, raw surface waters (figure 1), although 
a few wells, along with some water supplies 
that use infiltration galleries, are also sampled. 
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Monitoring of domestic water supplies is on 
a continuing basis, since it has not been possible 
to forecast levels of radioactivity in these sup- 
plies based upon levels in rain, snow, or surface 
streams. Under the present sampling schedule, 
monthly 500 ml samples are collected and the 
total solids analyzed for alpha and beta radio- 
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Table 2. Radionuclide concentrations in California surface waters, January—December 1967 





Radionuclide concentrations 
(pCi/liter) 
Sampling station and date saiealetipites 

(1967) 





Potas- Stron- Stron- Zirconium- 
sium-40 af tium-89 tium-90 niobium-95 





Antioch: 
January-June....... 
July-December. . . 

Berkeley: 

January-June 
July-December 

Clearlake Highlands: 
January-June 
July-December. . . 

CrescentCity: 
July-December 

Death Valley: 
January-June. . 

July- December 

Dos Palos: 
April-September. . 
October-December 

El Centro: 
January-June. ... 

Eureka: 

January-June. .. 
July-December 

Fort Bragg: 
July-December 

Lake Millerton: 
April-August. . 
September-December 

Marin Municipal Water District: 

July-December 

Metropolitan Water District of southern Calif: 
January-June... 
July-December 

Monterey: 

April- August 

Napa: 

January- June.. 
July- December . 

Needles: 

January-June 
July-December 

North Marin Water District: 
January-June ‘ 
July-December 

Oroville: 

January-June. ... 

Pleasanton: 


ZZ 


Z 
oo UO UD 
2 2Z Z@ 


oo 0 OU DU 


ZZ 
22 ZZ 
3 O 


2% 2Z Z2 ZZ Z 
ou pu Vv UU Do 


January-June 
July-December 

Sacramento: 
January-June 
July-December 

San Diego: 
January-June 
July-December . 

San Francisco: 
January-August..... 

San Jose: 
January-June......... 
July-December. . . 

Santa Barbara: 
March-August... 

Santa Cruz: 
January-June 

Santa Rosa: 
July-December 


anuary-June 
July-December. . . 
Willits: 
July-December . 
Yosemite: 
March-August. . vee ccmeal ND ND 01 
September-December. . : “2 ND 5 02 


























Results for cerium-141-144 for all stations were nondetectable during this period except for the values of 1 pCi/liter at Needles and 2 pCi/liter at North 
Marin Water District for January-June 1967. 

*® When the counting rate of the sample is not equal to at least twice the 0.95 error, the value reported is the best available estimate but is not statisti- 
cally significant. 

NA, no analysis. 

ND, nondetectable. 
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activity. In addition, 3-liter samples are col- 
lected monthly for approximately 6 months and 
composited for specific radionuclide analysis 
on a semiannual basis. 


Analytical procedures 


Radionuclide analyses of water are carried 
out in the State’s Sanitation and Radiation 
Laboratory. Measurements of alpha and alpha- 
plus-beta radioactivities are made with a low- 
background windowless gas-flow proportional 
counter. Counting methods used follow those 
recommended by the U.S. Public Health Service 
(1). 

Individual samples are evaporated to dryness 
and the residue ashed at 450°C. The ashed 
sample is dissolved and transferred to an alumi- 
num planchet for  beta-particle counting. 
Specific radionuclides are determined semi- 
annually on composite samples. Gamma-ray 


emitting nuclides are determined by gamma-ray 
spectroscopy and radium and radiostrontium 
by chemical separation and counting. 


Discussion 


Table 1 shows the monthly average beta 
radioactivity in the suspended-plus-dissolved 
solids in surface water supplies in California 
from July through December 1967. Following 
treatment, these waters are used for industrial 
and domestic purposes. Because alpha radio- 
activity in water has, in general, been undetect- 
able or very slight, alpha radioactivity analyses 
are not presented. No increase in radioactivity 
level of surface water has been observed. 

Table 2 shows specific radionuclide concen- 
trations in California surface waters of 1967 
by stations. 
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RADIOLOGICAL HEALTH. Radionuclide analyses 
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Radioactivity in Kansas Surface Waters, July-December 1967 


Kansas State Department of Health 
Radiological Health Section 


Monitoring of levels of radioactivity in the 
surface waters of Kansas is done by the Kansas 
State Department of Health, Radiological 
Health Section, in cooperation with the Water 
Data Analysis Section. This surveillance pro- 
gram is important because of both the present 
and future potential use of Kansas surface 
waters for domestic, recreational, and industrial 
purposes. 

Liter samples are collected every month at 
each location shown in figure 1. These samples 
are analyzed for alpha and beta radioactivity. 
Radioactivity in these waters consists of the 
natural radioactivity picked up by flowing 
streams and percolating ground water, radio- 
activity from sewage discharge into the 
streams, and some contribution by industrial 
waste. The final contributing factor to radio- 
activity content is fallout, particularly over 
large expanses of open water, such as reservoirs 
and lakes. 


Analytical procedures 


The Radiological and Occupational Health 
Program does radioactivity analyses using 
techniques similar to those used in California 
(1). 

An appropriate size sample, usually 250 ml, 
is evaporated in an aluminum planchet and 
counted after drying in an oven at 100°C and 
cooling in a desiccator. If much suspended 
solids are present in the water they are re- 
moved by centrifugation before measuring out 
the sample. Alpha and beta radioactivity 
counting is done in a gas-flow, windowless in- 
ternal proportional counter. 


Discussion 


Table 1 shows the alpha and beta radio- 
activity in the dissolved solids in Kansas sur- 
face waters from July through December 1967. 
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Figure 1. Kansas surface water sampling stations 
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Table 1. Gross radioactivity in Kansas surface waters, July-December 1967 





Radioactivity concentration 
(pCi/liter) 





River and sampling station 
August 





Alpha 


October November December 


September 





Alpha Alpha > Alpha 2 Alpha 








Arkansas City 
Dodge City 


Arkansas: 
Big Blue: 


Fall: 
Kansas: 
Marais des 
Cygnes: 
Neosho: 


Ottawa 
Burlington 
Parsons 
Ninnescah: 


Republican: 


Saline: 
Smoky Hill: 


Solomon: 
Spring: 


pring: Baxter Springs 
Verdigris: i 


Coyville 
Independence 


Walnut: Winfield 
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» PB 
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® When the counting rate of the sample is not equal to at least twice the 95 percent error, the value reported is not statistically significant but is the 


best available estimate. 
NS, no sample. 
ND, nondetectable. 


These waters are used for domestic, industrial, 
and recreational purposes. The analytical tech- 
niques prior to July 1967 were different from 


those now in use so a valid comparison cannot 
be made of the present results with those pre- 
viously obtained. 

At the present time there is only one surface 
water sampling station in western Kansas, at 
Dodge City. This is partly because of the 


scarcity of surface water in this region. Plans 
for the future include the development of at 
least five sampling points in the western portion 
of the State. 
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SECTION II. 


Radioactivity in Airborne Particulates 


Continuous surveillance of radioactivity in 
air and precipitation provides one of the earli- 
est indications of changes in environmental 
fission product radioactivity. To date, this sur- 
veillance has been confined chiefly to gross 
beta radioanalysis. Although such data are in- 
sufficient to assess total human radiation ex- 
posure from fallout, they can be used to deter- 
mine when to modify monitoring in other 
phases of the environment. 

Surveillance data from a number of programs 
are published monthly and summarized periodi- 
cally to show current and long-range trends 


Network 


Fallout Network, HASL 
80th Meridian Network, HASL 


November 1968 


July—December 1967 
Calendar year 1965 


AIR AND DEPOSITION 


and Precipitation 


of atmospheric radioactivity in the Western 
Hemisphere. These include data from activities 
of the U.S. Public Health Service, the Canadian 
Department of National Health and Welfare, 
the Mexican Commission of Nuclear Energy, 
and the Pan American Health Organization. 
An intercomparison of the above networks 
was performed by Lockhart and Patterson in 
1962 and is summarized in the January 1964 
issue of Radiological Health Data. In addition 
to those programs presented in this issue, the 
following programs were previously covered in 
Radiological Health Data and Reports: 


Period Issue 


September 1968 
January 1967 





1. Radiation Alert Network 
July 1968 


National Center for Radiological Health 
U.S. Public Health Service 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radiation 
Alert Network (RAN) which regularly gathers 
samples at 73 locations distributed throughout 
the country (figure 1). Most of the stations 
are operated by State health department per- 
sonnel. 

The station operators perform “field esti- 
mates” on the airborne particulate samples at 
5 hours after collection, when most of the radon 
daughter products have decayed, and at 29 
hours after collection, when most of the thoron 
daughter products have decayed. They also 


perform field estimates on dried precipitation 
samples and report all results to appropriate 
National Center for Radiological Health officials 
by mail or telephone, depending on levels 
found. Compilation of the daily field estimates 
is reported elsewhere on a monthly basis (1). 
A detailed description of the sampling and 
analytical procedures was presented in the 
March 1968 issue of Radiological Health Data 
and Reports. 

Table 1 presents the monthly average gross 
beta radioactivity in surface air particulates 
and deposition by precipitation, as measured by 
the field estimate technique during July 1968. 
Time profiles of gross beta radioactivity in air 
for eight Radiation Alert Network stations are 
shown in figure 2. 

All field estimates reported were within nor- 
mal limits for the reporting stations. 
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Figure 1. Radiation Alert Network sampling stations 
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Table 1. Gross beta radioactivity in surface air and precipitation, July 1968 


. Number Air surveillance Number 
Station location of gross beta radioactivity of 
samples (pCi/m') samples 





Precipitation 





Field estimation of deposition 











Number Total 
of Depth deposition 


Maximum | Minimum | Average * Pptn samples (mm) (nCi/m') 
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*® The monthly average is calculated by weighting the field estimates of individual air samples with length of sampling period. 
> Indicates no report received. (Air samples showing no field estimate are ignored.) 

° Indicates no precipatation sample collected. 

4 Indicates that the station is part of the plutonium in precipitation network. No gross beta measurements are done. 

¢ Samples were collected but no field estimates were reported. 
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Figure 2. Monthly and yearly profiles of beta radioactivity in air—Radiation Alert 
Network, 1962-July 1968 
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2. Canadian Air and Precipitation Monitoring 
Program,' July 1968 


Radiation Protection Division 
Department of National Health and Welfare 


The Radiation Protection Division of the 
Canadian Department of National Health and 
Welfare monitors surface air and precipitation 
in connection with its Radioactive Fallout Study 
Program. Twenty-four collection stations are 
located at airports (figure 3), where the sam- 
pling equipment is operated by personnel from 
the Meterological Services Branch of the De- 
partment of Transport. Detailed discussions of 
the sampling procedures, methods of analysis, 
and interpretation of results of the radioactive 
fallout program are contained in reports of the 
Department of National Health and Welfare 
(2-6). 

A summary of the sampling procedures and 
methods of analysis was presented in the Octo- 
ber 1968 issue of Radiological Health Data and 
Reports. 


1 Prepared from information and data in the August 
1968 monthly report “Data from Radiation Protection 
Program,” Canadian Department of National Health 
and Welfare, Ottawa, Canada. 


Surface air and precipitation data for July 
1968 are presented in table 2. 


Table 2. Canadian gross beta radioactivity in surface 


air and precipitation, July 1968 





Station 


Calgary - - 
Coral Harbour - - 
Edmonton 


Ft. Churchill...----._- 


Ft. William- -- 
Fredericton... 
Goose Bay- 
Halifax 


Montreal 
Moosonee 
Ottawa 


rw unmonsen ° 
Regina - 
Resolute 


Saskatoon. _--__- 
Saulte Ste Marie-- -. 
Toronto. - - - 
Vancouver 


Whitehorse 
Windsor 
Winnipeg 
Yellowknife 


Num- 
ber 


of 
samples 
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Figure 3. Canadian air and precipitation sampling stations 
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8. Pan American Air Sampling Program 
July 1968 


Pan American Health Organization and 
U.S. Public Health Service 


Gross beta radioactivity in air is monitored 
by countries in the Americas under the auspices 
of the collaborative program developed by the 
Pan American Health Organization (PAHO) 
and the U.S. Public Health Service (PHS) to 
assist PAHO-member countries in developing 
radiological health programs. 

The air sampling locations are shown in 
figure 4. It should be noted that a new sampling 
station has been established in Georgetown, 
Guyana, bringing the total number of partici- 
pating countries to ten. Analytical techniques 
were described in the January 1968 Radio- 
logical Health Data and Reports. The July 
1968 air monitoring results from the partici- 
pating countries are given in table 3. A notice- 
able increase in the monthly average concen- 
tration of gross beta radioactivity was seen in 
La Paz, Bolivia; Santiago, Chile; and to a lesser 
extent in Guayaquil, Ecuador. Listed in table 
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Figure 4. Pan American Air Sampling Program stations 
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5 are the samples from these stations in which 
fresh fission products were identified. 


Table 3. Summary of gross beta radioactivity in 


Pan American surface air, July 1968 





Gross beta racioactivity 
(pCi/m!) 
Number 
of samples 


Station location 





Maximum | Minimum | Average * 





Argentina: Buenos Aires_- 
B livia: La Paz 
C ile: 
Colombia: 
Ecuador: Guayaquil. -_-- 
Guyana: Georgetown -_. 
Jamaica: 
Lima: 
Venezuela: 

fest 

Iidies: Trinidad-- ~~ 





Pan American summary. - 

















® The monthly average is calculated by weighting the individual samples 
with length of sampling period. Values less than 0.005 pCi/m* are reported 
and used in averaging as 0.00 pCi/m'. 


Table 4. PAHO air samples in which fresh fission 
products were identified by gamma spectroscopy 





Location 





Ecuador: 


Bolivia: 


Chile: Santiago 
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SECTION IV. OTHER DATA 


This section presents results from routine 
sampling of biological materials and other 
media not reported in the previous sections. 
Included here are such data as those obtained 


from human bone sampling, bovine thyroid 
sampling, Alaskan surveillance and environ- 
mental monitoring around nuclear facilities. 





Summary of Natural Environmental Gamma Radiation Using a Calibrated 


Portable Scintillation Counter’ 
National Center for Radiological Health 


A portable gamma scintillation counter 
(PGSC) for field use was developed by the 
National Center for Radiological Health (4) 
for use in an epidemiological study (1). This 
instrument was calibrated with a highly sensi- 
tive muscle equivalent ionization chamber, 
whose readings convert directly to prad/hr 
for 6mm muscle depth at 5 feet above the 
ground (2). The ionization chamber re- 
quired at least 2 hours for a set of readings at 
one site, whereas the portable unit requires 
only 2 minutes per reading. The PGSC uses 
a 2-inch NaI(T1) crystal, weighs 12 pounds, is 
contained within an attaché case, and provides 
an automatic timer and a digital read-out in 
counts-per-minutes (cpm). Extensive calibra- 
tion runs, which paired PGSC and ionization 
chamber reading under normal environmental 
background radiation conditions were made 
during development, field testing and actual field 
measurements (3). These showed that the 
standard error using the PGSC was 0.35 prad/ 


1 Written by Mr. S. G. Levin, PSP, NCRH; Mr. R. K. 
Stoms, Mr. E. Kuerze, and Mr. W. Huskisson, Instru- 
ment Development Unit, Electronic Products Radiation 
Lab, TSB, NCRH, Cincinnati, Ohio 45226. 
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hr and the readings were within 4 percent of the 
ionization chamber readings 95 percent of the 
time. A bivariate linear function (4) was used 
to convert the PGSC values in cpm to equivalent 
ionization chamber readings in prad/hr. An 
altitude correction was included in this formula 
to adjust for the decreased sensitivity of the 
crystal to high energy cosmic radiation which 
increases at higher elevations. Using the PGSC 
units, readings were taken over grass or soil in 
populated areas. Six different PGSC units were 
used and these were periodically intercalibrated 
in a round-robin procedure. The sensitivity of 
the PGSC units was adjusted to give a con- 
sistent reading, using a 3 »Ci cadmium-109 
source, between readings. Simultaneous meas- 
urements which were later used to calibrate 
the PGSC, were made with the ionization 
chamber and a PGSC at one or two sites in 
each town. 

The data presented in this report were ob- 
tained during three separate periods and the 
precision is in part indicated by the number of 
readings per town. Phase 1 included 4,624 
measurements in 53 towns in Michigan, Minne- 
sota, and Colorado made between October and 
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December 1965 at 0.2 mile intervals and pro- 
vide average dose rates for the selected towns. 
A more detailed description of this study and 
an indication of the variability of the readings 
is presented elsewhere (3). Phase 2 measure- 
ments constituted a broad survey of 1,131 towns 
in 19 east coast States made in the summer of 
1966. One to thirty measurements were made 
in each town, depending upon size, generally 
in the vicinity of a highway, but away from 
areas of disturbed soil or other man-made sur- 
faces, in an attempt to locate high natural 
background radiation areas. The PGSC units 
were calibrated with the ionization chamber in 
only a few towns during this 12-week survey. 
Phase 3 measurements were made in 114 towns 
in Illinois and Iowa to complement a previous 
epidemiological study (5) of the possible effects 
of radium in well water. This phase was con- 
ducted much as that of phase 2, and 4 to 16 
readings per town were made between October 
and December 1966. 


Interpretation 


The towns in this study were not randomly 
selected, nor were they selected in a manner 
such that they would be considered representa- 
tive of the States of the nation as a whole. In 
each phase the number and location of the 
sites of the measurements were determined to 
best accomplish the objectives of the specific 
studies. 

Figure 1 shows the sites where one or more 
environmental radiation dose rate measure- 
ments were made. It was not possible to make 
contour lines showing background radiation 
levels because the measurements were not 
spaced with this in mind. Table 1 presents the 
average values for each town where measure- 
ments were made. Average values by States 
are not presented because the measurements 
made at the various sites in a State would not 
necessarily represent the State as a whole. 

The average dose rate ranged from 5.1 prad/ 
hr east of Facil, Fla., to 14.6 »rad/hr in Fort 
Morgan, Colo. The values within a State, and 
very often within several adjacent States, were 
relatively uniform with occasional high values 
in the vicinity of phosphate mines, mine tail- 
ings, etc. The coastal areas of Florda and North 
Carolina generally had low background levels 
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(5-7 prad/hr) ; eastern and central States were 
intermediate with 7 to 12 y»rad/hr and the 
Rocky Mountain areas measured were in the 11 
to 15 prad/hr range. 

The data contained in this report provide 
useful estimates of the outdoor natural back- 
ground radiation levels in certain populated 
areas. Since other studies (6) have shown that 


the indoor levels are highly correlated with 
outdoor levels but are on the average 0.7 as 
high, inferences about population exposure are 
possible in those areas covered by the study. 


Summary and conclusions 


Environmental radiation dose rate measure- 
ments which include the contribution from 
terrestrial and cosmic components were ob- 
tained using a portable gamma scintillation 
counter, which was calibrated with a muscle- 
equivalent ionization chamber. Measurements 
were made in 1,298 towns of 24 states in areas 
where people live and work. 

These data may be used to calculate gene- 
tically significant doses if other relative data 
are obtained, such as estimates of the number 
of persons represented by the measurements, 
the relative amount of time that individuals are 
exposed indoors and outdoors, the variation of 
the background radiation as a function of time, 
and the relative amount of time people spend 
outside of the specific area. 
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Figure 1. Sites where one or more background gamma radiation dose rate 
measurements were made 
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Table 1. Average values of background gamma dose rate measurements |using portable 


gamma scintillation counters 





State and city 


Latitude Longitude 


Average 


Altitude (urad/hr) 


Number of 
observations 





Ft. Morgan 
Grand Junction 


Jewett City 
Leetes Corner. 


Sound View 
Southington 
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Stratford 
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West Hartford 
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Table 1. Average values of background gamma dose rate measurements using portable 
gamma scintillation counters—continued 





; ’ F Average Number of 
State and city Latitude Longitude Altitude (urad/br) observations 
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Table 1. Average values of background gamma dose rate measurements using portable 
gamma scintillation counters—continued 





State and city 


Latitude 





Key West 
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Table 1. Average values of background gamma dose rate measurements using portable 
gamma scintillation counters—continued 





Average Number of 
State and city Latitude Longitude Altitude (urad/hr) observations 
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Table 1. Average values of background gamma dose rate measurements using portable 
gamma scintillation counters—continued 





State and city 


Latitude 


Lougitude 


Average 


Altitude (urad/hr) 


Number of 
observations 





Ft, Valley... 
Freedman. -_. 
Garden City 
Glennville 


Perry 
Pike and Spaulding Counties 
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Table 1. Average values of background gamma dose rate measurements using portable 
gamma scintillation counters—continued 





Average Number of 
State and city Latitude Longitude Altitude (urad/hr) observations 
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Table 1. Average values of background gamma dose rate measurements using portable 
gamma scintillation counters—continued 





; Average Number of 
State and city Latitude Longitude Altitude (urad/hr) observations 
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Table 1. Average values of background gamma dose rate measurements using portable 
gamma scintillation counters—continued 





Average Number of 
State and city Latitude Longitude Altitude (urad/hr) observations 
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Table 1. Average values of background gamma dose rate measurements using portable 
gamma scintillation counters—continued 





Average Number of 
State and city Latitude Longitude Altitude (urad/hr) observations 
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Table 1. Average values of background gamma dose rate measurements using portable 
gamma scintillation counters—continued 





Average Number of 
State and city Latitude Longitude Altitude (urad/hr) observations 





1425 
1278 
800 


Faribault 

Fergus Falls 
ibbing.- - -- 

Little Falls 


Owatonna 

Rochester 

St. Peter....... pe neuaornneeneuimth 
Thief River Fall 


CWOWBDWDWDDOBwDowmnwm BwWowoce 
HCI Oh OOAakawwe AGCHLOeM 


— 


DAIAIAT AIATATAINIDWONDW WBOWMWWONAN NOMWOINAIAINO BONNONNINO 
wromeorwwerwe RSS 


mMmwOMOUwMOwWN AwWwBKOOWA~ItO 


Fremont 
Garysburg-.-_...-- ‘icvibensteneenesantia 
Goldsboro 


we WON OWWeet Wh Nt We Ore 


Hartford 

Holly Ridge 

Jacksonville 

Junction route 301 and 11 
Kellum 


Magnolia 
Maysville 


WW to Whe Ow w 


Oh = Oo 


— 
~ 


HDPE WO HCOWLN HSS Wore to 


Rocky Mount 
Rose Hill 


Shallotte 
Sharpesburg 
South Mills 


- 
mDROCOwANO NWABKWNHEANCHD HHH BWOevow NORBHHeHOCO 


= 


Whitakers 
Whiteville 


— 


NNWOSNMBNS CrAWWONAIS~) BISCO 








a woRao 


Winnabow 
Woodville 











November 1968 





Table 1. Average values of background gamma dose rate measurements using portable 
gamma scintillation counters—continued 





State and city 


Latitude 


Longitude 


Average 
Altitude (urad/hr) 
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Hampton Falls 
Hampton 
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Table 1. Average values of background gamma dose rate measurements using portable 
gamma scintillation counters—continued 





Average Number of 
State and city Latitude Longitude Altitude (urad/hr) observations 
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Table 1. Average values of background gamma dose rate measurements using portable 
gamma scintillation counters—continued 





State and city 


Latitude 


Longitude 


Average 


Altitude (urad/hr) 


Number of 
observations 











Murrells Inlet 
Myrtle Beach 
Nichols 


Orangeburg 
Pocataligo 
Preg 
Rantowles 
Ridgeland 
Ridgeville 
Rosinville 


St. George 
Summerton 


East Ridge 

Elgin 

Evansville 

Georgia and Tennessee line 
Glenma 


Spring City 
Sunbright 
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Winfield 
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Table 1. Average values of background gamma dose rate measurements using portable 
gamma scintillation counters—continued 





State and city Latitude 











Temperance 
Thornburg 
riangle 
Virginia & North Carolina Line 
Virginia Beach 
Williamsburg 








Number of 
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Average 


Longitude Altitude (urad/hr) 

















‘ Jodine-131 in Bovine Thyroids, April-June 1968 


National Center for Radiological Health 
Public Health Service 


The National Center for Radiological Health 
established a Bovine Thyroid Network in Octo- 
ber 1964 (1). Specimens are collected by the 
Livestock Slaughter Inspection Division, U.S. 
Department of Agriculture, and are analyzed 
by gamma-ray spectroscopy for iodine-131 con- 
tent at the Northwestern Radiological Health 
Laboratory, Winchester, Mass. 

The network consists of collection areas 
(countries shaded in figure 1) located so as to 
cover, as nearly as possible, areas near major 


nuclear reactors, spent fuel reprocessing plants 
and nuclear test sites. Details of sampling and 
analyses have been published earlier (1). 
The results for April through June 1968 
appear in table 1 and are listed chronologically 
within each State. The iodine-131 levels in 
thyroids of all samples collected during this 
period were not above the barely detectable 
level of 2 to 5 pCi iodine-131/g thyroid except 
for one sample collected May 10, 1968, in Walla 
Walla, Wash. (7pCi iodine-131 g thyroid). 








* 
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Figure 1. Counties sampled in Bovine Thyroid Network, April-June 1968 
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Recent coverage in Radiological Health Data and 


Reports: 


October—December 1967 


January-March 1968 


Table 1. Iodine-131 in bovine thyroids, April-June 1968 


Issue 


May 1968 
August 1968 





Dates of 
slaughter 


County 


Average 
concentration 
Number of = 

samples 
pCi iodine-131/g 
thyroid 





I Tis x ccnccccctecescasescccdecas 


Vermont 
Washington 





4/3 
4/ll 

® 4/17-6/27 
5/1 

* 4/20-6/26 


*4/9 -6/26 


4/8 

4/1 

5/9 

4/23-4/24 
® 5/3 -6/20 


5/21 
6/12 
* 6/17-6/25 


* 4/24-6/18 
*5/6 -6/28 


5/10 
* 4/12-6/28 





Maricopa 


Pinal 
Merced (1) °¢ 
Monterey (7) 
San Benito (15) 
San L. Obisco (3) 
Santa Clara (3) 
Bartow (5) ° 
Bibb (8) 
Burke (3) 
Butts (2) 
Candler (4) 
Clarke (6) 
Dodge (2) 
Evans (2) 
Forsyth (8) 
Fulton (5) 
Greene (4) 
Canyon 
Lyon 
Lyon 
Douglas 
Claiborne (1) ¢ 
Natchitaches (2) 
Red River (1) 
oc 
Lincoln 
Forrest (1) ¢ 
Hinds (1) 
Jackson (1) 
Jones (2) 
Lauderdale (7) 
Marion (1) 
Platte (2) ° 
Sanders (1) 
Cattaraugus (10) ¢ 
Chautaugua (40) 
Cleveland 
Bryan (1) ¢ 
Carter (7) 
Choctaw (1) 
Bamberg (5) °¢ 
Barnwell (4) 
Edgefield (1) 
Greenwood (4) 
McCormick (2) 
Orangeburg (3) 
Saluda (2) 
Aurora (10) ¢ 
Brookings (7) 


Jenkins (6) 
Laurens (2) 
McDuffie (6) 
Richmond (1) 
Screven (9) 
Thomas (2) 
Upson (2) 
arren (6) 
Wilkes (13) 


Hamlin (1) 
Kingsbury (7) 
Lake (3) 
Minnehaha (6) 
Roberts (8) 
Tripp (7) 
Turner (1) 


Faulk (3) 
Grant (2) 
Gregory (1) 
Hanson (3) 
Blount (1) 0¢ 
Knox (5) 
Loudon (2) 
Sevier (2) 
Union (1) 
Bowie (1) ° 
Cass (2) 
Cooke (1) 
Denton (6) 
Hopkins (2) 
Titus (2) 
Franklin 
Walla Walla 
Walla Walla 
Dane (30) ¢ 
Green (1) 
Portage (6) 
Rock (13) 











* Samples were not collected on all dates during this period, but the interval includes several sampling dates. 


> The results for this period were for the most part, not detectable. Some randomly scattered posi 
barely detectable amounts of iodine-131 in the bovine thyroid (2 to 5 pCi/g). 
¢ Numbers in parentheses represent the number of samples collected from t 


over several dates during the period or on only one date. 
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tive results were obtained; but these represented 


hat county during the interval indicated. These may have been collected 
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Radionuclides in Washington Shellfish’, January 1963-December 1967 


Washington State Department of Health 


As part of their surveillance of radioactivity 
in the environment, the Washington State De- 
partment of Health routinely collects oysters 
and clams for analysis. These shellfish have the 
ability to concentrate radionuclides such as 
phosphorus-—32 and zinc—65, attaining levels far 
above the ambient concentrations present in the 
water. 

Samples from the Washington coast and the 
Olympia and Dabob Bay areas of Puget Sound 
are collected by the Food Protection Section of 
the Washington State Health Department. 
Those from the Bangor Naval Ammunition 
Depot are collected by the U.S. Navy and sent 
to the State Health Department through the 
Kitsap-Bremerton Health District, which also 
collects the samples from the Bremerton area. 

Shells are removed in the laboratory. The 
supernatant liquid is decanted and the entire 
edible portion is homogenized and placed in a 
1-pint cottage cheese container for analysis on 
the multichannel analyzer. Four hundred grams 
of sample are analyzed when available. After 
the gamma analysis, phosphorus—32 separation 
is performed by a modification of techniques 
described in the literature (1-4). Twenty- 
five grams of the homogenized sample are 
completely ashed using dry and wet ashing 
techniques. The total ash is treated with hydro- 
fluoric acid to dissolve any silicates present, and 
after complete removal of excess hydrofluoric 
acid, the sample is dissolved in 3N nitric acid. 
Ammonium nitrate is added to give 5-10 per- 
cent in the final solution. A large excess of 
ammonium molybdate is then added and the 
sample left overnight to insure complete pre- 
cipitation of the phosphorus as ammonium 
phosphomolybdate. 


' Summarized from the annual and quarterly reports 
of the Washington State Department of Health. 
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Interfering ions are also precipated and must 
be removed. The precipitate is washed with a 
5 percent solution of ammonium nitrate, then 
dissolved in 6N ammonium hydroxide contain- 
ing 0.5 g citric acid. The citric acid will com- 
plex most interfering ions. To this solution, 
magnesia mixture (containing magnesium chlo- 
ride and ammonium chloride) is added to pre- 
cipitate the phosphorus as magnesium ammo- 
nium phosphate. After standing overnight, the 
alkaline filtrate is discarded and the precipitate 
washed thoroughly with 1:20 ammonium hy- 
droxide. It is then dissolved in warm, very 
dilute hydrochloric acid. The magnesia precipi- 
tation is repeated, but from an acid solution to 
insure complete and final separation from inter- 
fering elements. After standing overnight to 
insure complete precipitation, the precipitate is 
filtered off, washed thoroughly with 1:20 ammo- 
nium hydroxide and transferred, using 3N 
nitric acid, to a weighed stainless steel planchet. 
After drying in an oven at 110°C, the sample 
is submitted for counting of the beta radio- 
activity. 

Table 1 lists results of all oyster samples 
arranged according to collection area and col- 
lection date. Quantitative results extrapolated 
to date of collection for ruthenium-106, zir- 
conium-95, zinc—65, potassium—40, and phos- 
phorus—32 are included for the period July 
1964 through December 1967. Results of clam 
samples (which were collected only in Puget 
Sound) have been omitted from table 1 since 
all data other than potassium—40 was below the 
respective detectability limits. 

To illustrate trends occurring in oysters from 
the Washington coast, data from past years 
have been presented in graphic form in figures 
1 and 2. Figure 1 shows zinc-65 and phos- 
phorus—32 concentrations in oysters collected 
from Stony Point in Willapa Bay during the 
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Table 1. Oyster analyses, July 1964 through December 1967 





Collection date 


Location 


Concentration 
(pCi/g wet weight) » 





Phosphorus- 


Oe 





Potassium- Zirconium- 
40 95 


9 





ee Th... cessscoce wainhmmmnedeenal 
February 28 


(eee EEE 
September 29 


August 17 A 
_ (, Sees TE a a 
December 18 


July 28 
December 3 


SNE TE cnn ttntnencnuendoentunes 
eae 


January 16 
| SaaS: 


January 14 

January 14 

January 14 

OO =e 
Oe 
February 25 

February 25 


See footnotes at end of table. 
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PUGET SOUND 
Oyster Bay 


Oyster Bay 


Dabob Bay 
Dabob Bay 


Dabob Bay 
eae 
Dungeness 

Olympia 


Olympia 
Olympia 


Dabob Bay 
Olympia 


Lt. Skookum Bay... 
GRAYS HARBOR 


WILLAPA BAY 


Stony Point 
Stony Point 
Stony Point 


No. River Fl 
No. River Fl 
Bay Center 
Oysterville 
No. River Fl 
Stackpole 
Oysterville 


Stony Point 

Bay Center 

Stony Point 

Bey Conter...ccccss< 
Long Island 

Nemah Flats. 
Stackpole 





960 
1960-61 


Natural Set. 


Unknown 


Natural Set. 


Unknown 
Unknown 


Natural Set. 
Natural Set. 


Unknown 
Unknown 
Unknown 


1958 
1958 
Natural 
Natural 
Natural 
Natural 
Natural 
Natural 
1958 
Natural 
Natural 
1963 


Unknown 
Unknown 


64 
Unknown 


Unknown 
1961 
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Table 1. Oyster analyses, July 1964 through December 1967—Continued 





Collection date Location 


Concentration 
(pCi/g wet weight) > 





Phosphorus- 
32 


Potassium- Zinc- Zirconium- | Ruthenium- 
40 95 106 ° 





WILLAPA BAY 


Stackpole 
Stony Point 
Oysterville 


Stackpole 
Stony Point 
Stony Point 
Oysterville- __- 
Oysterville 
Stony Point 
Oysterville 
Stony Point 
Stony Point 
Oysterville.........- 
Stony Point... 
Stackpole 
Stackpole 
Stony Point 


Stackpole 
Stony Point 
Stackpole 
Stony Point. -- 
Stony Point_--_- 


January 18 
January 18 
February 25_... 


Oysterville. - .- 
Stackpole 
Stackpole 
Stackpole 
Stony Point 
Stony Point 
Stony Point 
Oysterville 
Stony Point 


December 11-- 


1962 
December 11 Unknown 








Comore 


st af sata 
ChwPrumwe 
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9 G9 > bo t 00 
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tas Sn oS 2 


OnWPIDARIN bw 
NO O WintoH ONDinwoo~ 


Pet peat et Pat Pet IND IND ett Pt et IND tt 


AAA A 




















* Planting year of oyster seed in growing beds. 
> All results extrapolated to date of collection. 


© Net radioactivity in the 0.44-.56 MeV gamma range, computed as ruthenium-106. 


NA, no analysis performed. 


period January 1963 through December 1967. 
Various factors inherent in the data preclude 
defining specific trends. The total number of 
samples is small, and a three-fold variation has 
been found between oysters taken from the 
same growing beds. A complete history of 
each sample is often unknown, and the resi- 
dency time in a specific growing bed has varied 
from a few months to more than 3 years. Some 
oysters are seeded in Puget Sound, later moved 
to Willapa Bay, and then moved once again 
before harvesting. 

Figure 2 is a graph of zinc-65 and phos- 
phorus-32 concentrations for all oyster samples 
collected in Willapa Bay. In addition to the 
variables discussed above there are apparent 
differences in isotope concentrations due to 
location of the growing beds within the bay. 
These variables influence interpretation of 
trends in the data, but figures 1 and 2 still 
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show an increase in phosphorus—32 levels each 
spring with a corresponding decrease in the 
fall and winter. This would result from ocean 
currents carrying the Columbia River effluent 
southward in the summer and northward in 
the winter. The short half-life of phosphorus— 
32 causes varying concentrations with exposure 
while there would be little change seen in the 
longer half-life zinc—65. 
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Environmental Levels at Radioactivity at Atomic Energy Commission 


Installations 


The U.S. Atomic Energy Commission re- 
ceives from its contractors semiannual reports 
on the environmental levels of radioactivity in 
the vicinity of major AEC installations. The 
reports include data from routine monitoring 
programs where operations are of such a nature 
that plant environmental surveys are required. 

Releases of radioactive materials from AEC 
installations are governed by radiation stand- 
ards set forth by AEC’s Division of Operational 


Safety in directives published in the AEC 
Manual.' 

Summaries of data from the environmental 
radioactivity monitoring reports follow for the 
Los Alamos Scientific Laboratory and Rocky 
Flats Plant. 


1 Title 10, Code of Federal Regulations, Part 20, 
“Standards for Protection Against Radiation,” contains 
essentially the standards published in Chapter 0524 of 
the AEC Manual. 





1. Los Alamos Scientific Laboratory ” 
Calendar year 1967 


University of California 
Los Alamos, New Mexico 


As part of the environmental monitoring 
program at Los Alamos, measurements of beta 
radioactivity in airborne particulates and pre- 
cipitation, are made periodically. The samples 
have been taken on the roof of building TA—50 
(about 134, miles southeast of the Administra- 
tive Building) since March 1963. 


Air monitoring 


Airborne radioactive particulate matter is 
collected on 4-inch-diameter filters. The sam- 
pling rate was reduced from 46 m*/hr in 1962 
to 25.5 m*/hr in 1963, due to the addition of 
an activated charcoal filter behind the first 


2 Summarized from “Beta Radioactivity in Environ- 
mental Air and Precipitation at Los Alamos, New 
Mexico, for 1967” (LA-3887). 
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filter. Air samples are ordinarily collected for 
24-hour intervals during the work week, and 
weekend samples are collected for a 72-hour 
period. 

The filters are counted for beta radioactivity 
7 days after collection in a _ thin-window 
(methane) flow proportional counter with an 
overall efficiency for strontium-yttrium-90 of 
50 percent. 

In September 1966. a large chamber was 
added to the “Sharp Widebeta Counting Sys- 
tem” that permits the counting of these air 
samples in the same geometry as the precipita- 
tion samples. The efficiency for strontium- 
yttrium-90 remains the same as in the older 
counter. 


Precipitation monitoring 


Collection is made in a 0.4 square meter rain 
collector which delivers 1 liter of water for each 
0.1 inch of precipitation. It has been found 
that this arrangement collects radioactivity 
even during relatively dry periods. By washing 
down the sides of the collector with 1 liter of 
distilled water, a suitable sample is obtained. 


701 





These “wash” samples, as well as any precipita- 
tion, are reduced in volume, dry-plated on 1- 
inch stainless steel planchets, and counted in 
an automatic beta-particle counting system. 
This system has a_ gas-flow proportional 
counter, which provides increased efficiencies 
and lower background than previous systems. 


Results 


Average daily radioactivity concentrations 
for air collected are weighted for sample 
periods of more than 1 day. Average radio- 
activity concentrations for the precipitation 
collection are calculated from the total radio- 
activity collected during the month divided by 
the number of days in the month. Summary of 


the daily air data (pCi/m*) shows the maxi- 
mum was 2.67, minimum less than 0.01; and 
the average 0.037. The precipitation data 
(nCi/m*) shows the maximum was 32.7; mini- 
mum 0.003; and the average 0.16. 


Recent coverage in Radiological Health Data and 
Reports: 
Period 
Calendar year 1966 


Issue 
December 1967 





2. Rocky Flats Plant * 
January-June 1968 


Dow Chemical Company 
Golden, Colorado 


The Rocky Flats Plant (RFP) is engaged in 
routine production operations involving pluto- 
nium and uranium under contract to the Atomic 
Energy Commission. Its location, relative to 
population centers, is shown in figure 1. To 
assure properly controlled release of radioactive 
materials to the environment, periodic samples 
of air, water, and vegetation are analyzed for 
gross alpha radioactivity. The most abundant 
radioactive material involved in the process is 
plutonium. 

The plant is located about 15 miles northwest 
of Denver. The surface stratum in this area 


3’ Summarized from “Environmental Survey, January-— 
June 1968,” The Dow Chemical Company, Rocky Flats 
Division, Golden, Colo. 
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consists of gravel washed out of the highly 
mineralized front range of the Rocky Moun- 
tains, where heterogeneous low-level deposits 
of uranium, thorium, and radium exist in the 
soil. ‘These materials are measurable in most 
samples of air, water, and vegetation. 
Air 

Continuous air samples were collected at 
Coal Creek Canyon, Marshall, Boulder, Lafay- 
ette, Broomfield, Wagner School, Golden, Den- 
ver, and Westminster. The monthly average 
long-lived gross alpha radioactivity shown in 


table 1 are believed to result from naturally 
occurring materials. All values are less than 


Table 1. Long-lived gross alpha radioactivity in airborne 
particulates, RFP environs, January-June 1968 





Period 


Average concentration 
(1968) 


(pCi/m’) 
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Figure 1. Rocky Flats Plant and environs near Denver, Colorado 


the AEC standard of 0.04 pCi/m® for mixtures 
of unidentified radionuclides. 


Water 


Regular water samples were obtained monthly 
except during the winter months from four 
reservoirs in the area of the Rocky Flats Plant. 
The results of alpha radioactivity analyses 
performed on these samples are given in table 
2. The analytical results for water samples ob- 
tained during the summer collection period 
from outlying streams and lakes during the 
July collection period will be tabulated in the 
next report. For comparison purposes, the 


Table 2. Alpha radioactivity in water, RFP environs 
January-June 1968 





Number of 


Average concentration 
samples 


Reservoir (pCi/liter) 
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AEC standard for mixtures of unidentified 
radionuclides in water is 10 pCi/liter. 


Vegetation 


During this period, January—June 1968, no 
vegetation samples were collected. Additional 
samples collected in October 1967 and not pre- 
viously reported are presented in table 3. 


Table 3. Alpha radioactivity in vegetation 
RFP environs, October 1967 





Average 
concentration 
(pCi/kg 
dry weight) 


Distance from Number 


Collection period 
(1967) of samples 





October 1967 


Less than 3 miles 2 120 
October 1967 


3 to 18 miles 118 














Recent coverage in Radiological Health Data and 
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Issue 
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Reported Nuclear Detonations, October 1968 


The U.S. Atomic Energy Commission an- 
nounced a nuclear test of low yield (20 kilotons 
or less TNT equivalent) was conducted under- 
ground at its Nevada Test Site on October 3, 
1968. 
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Synopses of reports, incorporating a list of key words, are furnished 
below in reference card format for the convenience of readers who may 
wish to clip them for their files. 


WHOLE BODY CESIUM-137 AND ITS RELATION TO BODY 
COMPOSITION AND DIET. R. C. Steinkamp, T. W. Sargent, E. Isaacs, 
N. L. Cohen, E. M. Hutson, and N. D. Kunkel. Radiological Health Data 
and Reports, Vol. 9, November 1968, pp. 619-626. 


Between September 1962 and July 1963, a time of rising cesium—137 
content in the biosphere, whole body cesium-—137 and potassium—40 meas- 
urements were performed in an Argonne-type scintillation counter on 80 
subjects; 52 men and 28 women. These data have been correlated with 
body composition estimates of body fat and lean body mass. Seventy-eight 
of the subjects had diet interviews. The intakes of food categories were 
correlated with in vivo cesium-137 measurements. The results suggest 
that calculations of dose rates for cesium-137 may be more meaningful 
if based on lean body mass rather than total body weight, as is done 
presently. 


Intakes of milk, fruits and vegetables correlated significantly 
with in vivo cesium-137 measurements for those subjects with extremely 
low or extremely high food intakes. A regression equation was deter- 
mined to calculate pCi cesium-137/g potassium in people from pCi 
cesium-137/g potassium in milk. There appeared to be a time lag of 4 
to 5 months between rising values of cesium-137 in milk and those in 
people, consistent with the biological half-life of cesium-137. 


KEYWORDS: body burden, cesium-137, diet, dose rate, humans, milk, 
potassium—40. 
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